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INTRODUCTION 


As we already studied about basics of relations and 
functions in class XI. In this chapter, we discuss more 
about relations and functions and their types. Let us first 
recall some terms we studied in class XI 

Relations 

R is a relation from A to В =» КСА x B (A and В are two 
non-empty sets) 


Domain and Range 
> Domain of R= [ає A; (а,Б)е А, V be В} 


» го! R= (be B, (а,Б)е К, Vae A] 


Total Number of Relations 


» Let A and B be two nonempty finite sets having n 
and m elements respectively 


Then, total number of relations from A to В = 2^" 


Functions 


> A function f is defined on sets A and B by f; A —B 


or A —L5 B such that all elements of set A are 


associated to a unique element in set В. 
Domain and Range 


» Domain of Function : Let f : A — B, then A 
is known as domain of f while B is known as 
co-domain of f. 


Range of Function : Set f(A) = { f(x) : x € A} is known 
as range of f. 


TYPES OF RELATIONS 


> Reflexive Relation : A relation К on a set A is 
reflexive if (а, а) e КУас A. 
Symmetric Relation: A relation R ona set A is symmetric 
if (a, a) ER = (1,а) е R Y ap a E A. 
Anti-symmetric Relation : A relation R on a set A is 


called an anti-symmetric relation 
if (a, b) eR and (b, a) € R —a-b. 


Мах, then a may be related to b or b may be related 
to a, but never both. 


Transitive Relation : A relation R on a set A is 
transitive if (a, a,) € R and (a, ау) е К 
=> (ap п) € RVay,a,a,€ A. 


Equivalence Relation: A relation R is an equivalence 
relation if R is reflexive, symmetric and transitive. 


Void Relation : A relation R опа set A is called 
empty or void relation, if no element of A is related 
to any element of A, ie, Кеф CA x A. 

Universal Relation : A relation R on a set A is called 
universal relation, if each element of A is related to 
every element of A, ie, R = A x A 


Equivalence Class ; Equivalence class [а] containing 
ае Xfor an equivalence relation R in X is the subset 
of X containing all elements b related to a. 

Identity Relation : The relation I, on set A is 
identity relation, if every element of A is related to 
itself only. 


Points to Remember 


> The identity relation is always a reflexive relation 
but its converse need not be true. 

» Universal relation on a non-void set А is reflexive. 
^ relation which is not symmetric, 15 not necessarily 
anti-symmetric, 

Identity relation on a set A is an anti-symmetric 
relation. 

Intersection of two equivalence relations is also an 
equivalence relation but for union it is not necessarily 
true. 


TYPES OF FUNCTIONS 


> One-one Function (Injective 
function) : А function f; A — B 
is defined to be one-one if the 
images of distinct elements of 
A under f are distinct in B. 
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Onto Function (Surjective function) : Let f: A — В. 


И every element in B has at least one pre-image in 
A, then f is said to be an onto function or surjective 
y fis 


function. 


> Many-one Function : Let f: A — B.M two or more 
than two elements of set A have the same image in 


B, then f is said to be many-one. 


» Into Function : Let f : А — B. If there exists an 
element in B having no pre-image in A, then f is 
said to be an into function. 
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Bijective Function: If а function is both one-one and 
onto, then it is called bijective. 
or 


A function f: A > В is bijective, if 
(а) fis one-one, ie fx) = fly) > x= уу x,y eA 


(b) fis onto i.c, V y € B, there exists an x eA such 


that f(x) = y. 
Points to Remember 


> The number of functions from a finite set A into set 
В = [n(B)] ^. 

> There may exist some elements in set В which аге 
not the images of any element in set A. 
If x, + х, = f(x) # До), for every ху, хе domain, 
then fis one-one. 
If Да.) = Дх) = x; 7 Хо for every xy x, € domain, 
then f is one-one. 
If the range of the function equals to the co-domain 
of the function, then the function is onto. 


—————————-——= 


Practice Time 


Multiple Choice Questions (MCQs) 


1. Let S be the set of all real numbers and let 
R be a relation on S defined by a Rb <= a? + Ь2 
= 1. Then, R is 

(а) symmetric but neither reflexive nor transitive 
(b) reflexive but neither symmetric nor transitive 
(c) transitive but neither reflexive nor symmetric 
(d) none of these 


2. Let A = (a, b, cj and let R = (а, a), (a, Б), 
(b, a)}. Then, R is 
reflexive and symmetric but not transitive 
reflexive and transitive but not symmetric 
symmetric and transitive but not reflexive 
an equivalence relation 


For the set A = {1, 2, 3}, define a relation R 
on Ше set A as follows : 
R= {(1, 1), (2, 2), (3, 3), (1, 3)} 
How many ordered pairs to be added to R to 
make it the smallest equivalence relation? 


(a) 1 (b) 2 (с) 3 (d 4 


4. If A and B are finite sets containing 
respectively m and n elements, then find the 
number of relation that can be defined from A 
to B. 

(a) mn 
(б) m+n 


(b) gmn 

(d) gma 

5. Let R bea relation on the set N be defined by 
{(x, y) : x, y EN, 2x + y = 41}. Then, R is 

(a) Reflexive (b) Symmetric 

(с) Transitive (4) None of these 


6. Let f: Р — В be defined by f(x) = x+ |х|. 
Then f(x) is 

(а) both one one and onto 

(b) only one one 

(c) only onto 

(4) neither one one nor onto 


7. LetA={1, 2,3,......, 45} and R be the relation 
‘is square of’ in A. Which of the following is 
false? 

(а) R={(1, 1), (4, 2), (9, 3), (16, 4), (25, 5), (36, 6)} 
(b) Domain of R = {1, 4, 9, 16, 25, 36} 

(с) Range of R= { 1, 2, 3, 4, 5, 6} 

(d) none of these 


8. Arelation Ris defined in the set Zof integers 
as follows : (x, у)= R iff x? + y? = 9. Which of the 
following is false? 
(a) R= (0. 3). (0, —3), (2, 0), C3, 0); 
(b) Domain of R = 1-3, 0, 3j 
(с) Range of R = (-3, 0j 

none of these 


The range of the function f(x)- I .x*2 
-x 


R (b R- (1 
(е) {1} (d R- (C1 
10. Which of the following statements is false? 
(a) f: A — B is one-one iff x, = x, in A = f(x) 
+f (x) in В 
(b) f:A— Bis onto iff for each y in B, there is 
some xin A s.t. f(x) = y 
(с) f:A— Bis invertible iff f is both one-one and 
onto. 
(d) Areal valued function f(of a real variable) is 
invertible iff fis only one-one. 
11. The function f : Е — В defined by 
f(x) = 6* + 6 is 
(a) Опе-опе and onto (b) Many-one and onto 
(с) Опе-опе and into (d) Many-one and into 


12. f: N 4 N where f(x) = х – (-1)*, then fis 
(a) One-one and into (b) Many-one and into 
(c) One-one and onto (d) Many-one and onto 


13. Set A has three elements and set B has four 
elements. The number of injections that can be 
defined from A to B is 

(a) 144 (b) 12 

(с) 24 (d) 64 

14. The number of bijective functions from set 


A to itself when A contains 106 elements is 
(a) 106 (Ы) (106)? (c) 106! (а) 2106 


15. Let T be the set of all triangles in the 
Euclidean plane, and let a relation R on T be 
defined аз aRb if a is congruent tob Va, be T. 
Then R is 

(a) reflexive but not transitive 

(b) transitive but not symmetric 

(c) an equivalence relation 

(d) None of these 


4 


16. Consider the non-empty set consisting of 
children in a family and a relation Ё defined as 
aRb if a is brother of b. Then R is 

(2 symmetric but not transitive 

(b) transitive but not symmetric 

(с) neither symmetric nor transitive 

(d) both symmetric and transitive 


17. The maximum number of equivalence 
relations on the set А = (1, 2, 3} are 


(a) 1 œ) 2 © 3 @ 5 


18. Ifarelation Ron the set {1, 2, 3} be defined by 
R= {(1, 2)}, then Е is 

(a) reflexive (b) transitive 

(c) symmetric (d) None of these 


19. Let us define a relation R in R as aRb if 
a2 b. Then Ris 

(a) an equivalence relation 

(b) reflexive, transitive but not symmetric 

(c) symmetric, transitive but not reflexive : 
(d) neither transitive nor reflexive but symmetric 


20. Let A = (1, 2, 3} and consider the relation 
R= {(1, 1), (2, 2), (3, 3), (1, 2), (2, 3), (1, 3)). 
Then R is 

(a) reflexive but not symmetric 

(b) reflexive but not transitive 

(c) symmetric and transitive 

(d) neither symmetric nor transitive 


21. Let A={1, 2, 3} and B= (2, 3, 4}, then which 
of the following is a function from A to B? 

(a) (1, 2), (2, 3), (3, 4), (2, 2) 

(b) 10,2) (2, 3), (1, 3) 

(с) 1, 3), (2, 3), (3, 3) 

(d) {(1, 1), (2, 3), (3, 4)! 

22. Ifthe set A contains 5 elements and the set 
B contains 6 elements, then the number of one- 
one and onto mappings from A to B is 

(a) 720 (b) 120 

(с) 0 (d) None of these 

23. Let A = (1, 2, 8, ..., n} and В = (a, bj. Then 
the number of surjections from A into B is 


(а) "p, Q) 2^-2 


(с) 2"-1 (d) попе of these 
24. Let f : R — В be defined by f (x) = V 


хе R. Then fis 
(а) опе-опе 
(с) bijective 


(b) onto 
(d) fis not defined 
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25. Which of the following functions is an even 
function? 


(d) none of these 
26. Let A= [-1, 1], B=[-1, 1], C= (0, 1]. Let 
R, = {(x, 9) eA x B: x + y = 1} and 
Ry = (6, eA x Ci + у? = 1) | 
(а) В, defines a function from A into B 
(b) А, defines a function from A into C 
(c) R, defines a function from A onto B 
(d) R, defines a function from A onto C. 
x 


f(a) 
27. If 109=— then /(а+1) 


t» s(t) 
© ле ө s(--4) 


28. Let A = (1, 2, 3} and В = (1, 2, 4}, then 
f= (0.1), (1,2), (2,1), (3, 4)} is a 

(a), one-one function from A to B 

(b) bijection from A to B 

(c) surjection from A to B 

(d) none of these 


is equal to 


(a) fa) 


29. Which of the following is an even function? 
(a) Vx (b) x2 + sin?x 

(c) sin?x (d) none of these 

30. If f(x) = x? -3x + 1 and f(2a) = 2f(a), then a 
is equal to 


(a) + (b) -5 


(9) попе of these 


© C i 


“у; 


31. Let f: R — R be defined by 
2х:х>3 


f(x) = x 1<х<3 
Зх:х<1 
Then f (- 1) + f (2) + f (4) is 


(a) 9 (b) 14 
() 65 (d) None of these 


Relations and Functions 


32. Which of the following functions is one-one? 
b) Vx 


(d) none of these. 


33. Let f : [2, с) — R be the function defined by 
f (x) x? — 4x + 5, then the range of f is 

(a) Е (b) [1, =) 

(с) [4,=) (d) [5,<) 

34. IfR={(x, y) :x ye І, x+y < 4j isa relation 
in 1, then domain of R is 

(a) {0,1,2} (b) (-2, 1, 0 

(с) (-2,-1,0,1,2) (d) None of these 

35. Let R be a relation on N defined by 
R={(1+x,1+x2):x<5,xeEN}. 

Which of the following is false ? 

(a) R= {(2, 2), (3, 5), (4, 10), (5, 17), (6, 25)} 

(b) Domain of R = {2, 8, 4, 5, 6} 

(c) Range of R = {2, 5, 10, 17, 26} 

(9) None of these 


36. The domain of the function 
1 
f(x) = 


{sin x} + {sin( + x)} 
where {} denotes fractional part function, is 
(а) [0, r] (b) (2n + 1)r/2,n eZ 
(с) (0, л) (9) None of these 
37. The range of the function 


f(x) = à — соз х)\/(1 — cos x) J(1— cosx)....» is 

(a) [0,1] (b) (0,1) © [0,2] (d) (0,2) 
38. Let L denote Ше set of all straight lines 
in a plane. Let a relation R be defined by 
«Rp oat В, с, B eL. Then, В is 


(a) Reflexive only (b) Symmetric only 
(c) Transitive only (d) None of these 


39. Let В be the relation on the set of all real 
numbers defined by aRb iff |a—b| <1. Then, В 
is 

(a) Reflexive and symmetric 

(b) Symmetric only 

(c) Transitive only 

(d) Anti-symmetric only 


40. If R and R' are symmetric relations (not 
disjoint) on a set A, then the relation R © R' is 
(a) Reflexive (b) Symmetric 

(c) Transitive (d) None of these 
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41. Let A = (1, 2, 3, 4} and R be a relation in 
A given by R = (1, 1), (2, 2), (3, 3), (4, 4), (1, 2), 
(2, 1), (3, 1)). Then, R is 

Reflexive only 

Symmetric only 

An equivalence relation 

None of these 


Which one of the following relations on R is 
an equivalence relation? 
(a) aR,b © |а| = 151 
(D aRbeazb 
(с) aR3b + a divides b 
(d aR,beacb 


43. Let Р and S be two non-void relations on a 
set A. Which of the following statements is false? 
(а) Rand 5 are transitive => RU Sis transitive 
(b Rand S are transitive > RQ Sis transitive 
(с) Rand S are symmetric > RU Sis symmetric 
(d) Rand 5 are reflexive = RU Sis reflexive 


44. Let R be an equivalence relation on a finite 
set A having n elements. Then, the number of 
ordered pairs in R is 

(a) Less thann 

(b) Greater than or equal ton 

(с) Less than or equal to n 

(d) None of these 


45. The function f(x) = V3 sin 2x — cos 2x + 415 
one-one in the interval 


46. LetX={-1,0, 1), Ү= (0,2]andafunctionf: X2 Y 
defined by у = 2x", is 

(a) one-one onto (b) one-one into 

(c) many-one onto (d) many-one into 

47. Let X= (0, 1, 2, 3} and Y= (-1, 0, 1, 4, 9} and 
a function f: X > Y defined by y = x2, is 

(a) one-one onto (b) one-one into 

(c) many-one onto (d) many-one into 


48. The mapping /: N > N given by f(n) = 1 
+ n, ne N where Nis the set of natural numbers, 


one-one and onto 

onto but not one-one 
one-one but not onto 
neither one-one nor onto 


49. The smallest integer function f(x) = [x] is 


One-one (b) Many-one 
(c) Both (a) & (b) (d) None of these 
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50. The signum function, f: А > R is given by 
1, if x>0 
f(x) = \0, i 


(a) One-one 

(b) Onto 

(c) Many-one 

(d) None of these 
51. Consider the following statements on a set 
А = (1, 2, 3}: 

(1) R= {(1,1), (2.2) is a reflexive relation on A. 
(2) К = (3, 3)} is symmetric and transitive but 
not a reflexive relation on A. 

Which of the statements given above is/are 
correct? 

(a) (1) only 

(с) both (1) and (2) 


(b) (2) only 
(d) neither (1) nor (2). 


11. 
52. If f(x) = 4x? + 332 + 3x + 4, then e(t) is 


equal to 
1 
(b) То) 


(d) f(x) 


(a) fx) 


(a) fis a function from A to B 

(b) fis a one-one function from A to B 
(c) fis an onto function from A to B 
(d) fis not a function. 


54. The domain of the function f= {(1, 3), (3, 5), 
(2, 6); is 

(a) 1, Запа 2 
(c) 13, 5, 6; 


(b) 11, 3, 2j 

(d) 3, 5 and 6 

55. Let f and g be two functions with domains 
D, and D, respectively, then the domain of the 
function (f + g)(x) ів 
(a) D; UD, 

(с) D,-D, 


(b) D, D, 
(d) none of these 
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56. Which of the following is a polynomial 
function? 

dc 
(a) Z xw 

х 


O) 2х?+ух+1 


O xexi-axe 2x ухво 


Зх? +7x-1 
3 


57. Which one of the following graphs represents 
the function y = 1+ |x| for all x € R? 


(a) ү 
(1.0 a, 0 
© X 
Y 
(b) 
a (1, 0) 
(1.0) x 


(c) 


(4) 


58. The range of the function f(x) = 3x2 + 7х + 
10 is 


(a) [10, е) 


(с) [1 =) (9) none of these 


59. Let R be the relation defined on N x N by 
the rule (a, b) В (с, d) «за + d = b + c, then Ris 
(a) reflexive (b) symmetric 

(c) transitive (d) all of these 

60. IfItisarelation from the non-empty set A toa 
non-empty set В, then 
(а) R=ANB 

(б) R=AxB 


(b R=AUB 
(d ПСАХВ 


Relations and Functions 


2) Case Based МСО; 


Case I: Read the following and answer any four 
questions from 61 to 65 given below. 
Reflexive i.e., (а, а) е RV ae A. 
Symmetric ie, (а, b) ФК => (6, а) є В 
Уа, БЕЛ. 
Transitive i.e., (a, b) ER and (b, с) В 
= (а, с) е Va, В, сєА. 


61. If the relation R = {(1, 1), (1, 2), (1, 3), 
(2, 2), (2, 3), (3, 1), (3, 2), (3, 3)} defined on the set 
А = {1, 2, 3}, then R is 
(а) reflexive 
(c) transitive 


(b) symmetric 

(d) equivalence 

62. Ifthe relation R = ((1, 2), (2, 1), (1, 3), (3, 1); 
defined on the set A = (1, 2, 3}, then R is 

(а) reflexive (b) symmetric 

(c) transitive (d) equivalence 


63. Ifthe relation R on the set N of all natural 
numbers defined as R = ((x, у): y=x+5andx< 
4}, then Ris 
(a) reflexive 
(c) transitive 


(b) symmetric 

(d) equivalence 

64. If the relation R on the set A = (1, 2. 3, 
^ 13, 14} defined as В = {(x, y) : 3x - y = 0}, 
then R is 

(а) reflexive 
(c) transitive 


(b) symmetric 

(d) None of these 

65. If the relation R on the set A = {1, 2, 3} 
defined as R = {(1, 1), (1, 2), (1, 3), (2, 1), 
(2, 2), (2, 3), (3, 1), (3, 2), (3, 3)}, then В is 

(а) reflexive only (b) symmetric only 

(c) transitive only (d) equivalence 


Case II : Read the following and answer any four 
questions from 66 to 70 given below. 


Consider the mapping f : A > B is defined by Дх) 
x-1 
x-2 

66. Domain of f is 

(a) В-(2) (b) R 

() R-{1,2 (d) R- (0) 

67. Range of f is 

(a) R 

9 А {0} 


such that f is a bijection. 


(b) К-{1} 
(O R-0,2) 


68. Ша: R- {2} ¬» Е- {1} is defined by g(x) 
= 2/(х) - 1, then g(x) in terms of x is 


The function g defined above, i« 
one-one (b) many-one 
into (d) none of these 
А function f(x) is said to be one-one iff 
(a) fix) = fix) = -п =X, 
(b) fo) = fi-x,) = -%, = 1: 
(с) Аха) = fx) > x, = zy 
(d) None of these 
Case III : Read the following and answer any 
four questions from 71 to 75 given below. 
A general election of Lok Sabha is a gigantic 
exercise. About 911 million people were eligible 


to vote and voter turnout was about 67%, the 
highest ever. 


One - Nation | 
One - Election | 
Festival of | 
Democracy General MY VOTE | 
| 


Let I be the set of all citizens of India who were 
eligible to exercise their voting right in general 
election held in 2019. A relation В із defined on 
Ias follows: 

Rz (Vi. У): V, Vy = Гапа both use their voting 
right in general election - 2019! 


Election 2019 


71. Two neighbours X and Yel. X exercised 
his voting right while Y did not cast her vote in 
general election - 2019. Which of the following 
is true? 

(a) (X, DeR (b (Y, Хек 

(б) (X, eR (d) (X. DER 

72. Mr'X and his wife ‘W both exercised their 
voting right in general election - 2019. Which of 
the following is true? 

(a) both (X, W) and (W, e R 


(b) (X, WER but (W, Dek 
(с) both (X, W and (W, MER 
(d (W, WER but (X, Ме В 


73. Three friends F}, Е and Е exercised their 
voting right in general election - 2019, then 
which of the following is true? 
( (Fy, F) ER, (Fy, Fy) €R and (7, гек 
(b) Q^, Fy) ER, (Fy. Fy) €R and UF), гей 
(с) (Fy, Fy) ER, (^. Fy) € and (Fy Fy eR 
(d (Fj, Fp eR (Fa, Fp) eH and (Fp уу ЕЙ 
74. The above defined relation RF is _ 
(а) Symmetric and transitive but not reflexive 
(b) Universal relation 
(c) Equivalence relation » 
(d) Reflexive but not symmetric and transitive 
15. Mr Shyam exercised his voting right in 
General election - 2019, then Mr Shyam is 
related to which of the following? 
» eligible voters who cast their votes 
Family members of Mr Shyam 
of India 
Eligible voters of India 


Case IV : Read the following and answer any 
four questions from 76 to ВО given below. 
Sherlin and Danju are playing Ludo at home 
during Covid-19. While rolling the dice, Sherlin's 
gister Raji observed and noted the possible 
outcomes of the throw every time belongs to set 
(1, 2, 3, 4, 5, 6). Let A be the set of players while 
В be the set of all possible outcomes. 


A = (S, Dj, В = 1, 2, 9, 4, 5, 6j 

76. Let R: B - B be defined by В = f(x, y) : y is 
divisible by x} is 

(а) Reflexive and transitive but not symmetric 
(b) Reflexive and symmetric and not transitive 
(c) Not reflexive but symmetric and transitive 
(d) Equivalence 

77. Raji wants to know the number of functions 
from A to D. How many number of functions are 
ровя е? 

(а) 62 (b) 20 (c) 6! (а) 212 

78. Let R be a relation on B defined by 
Its (0, 2), (2, 2), (1, 3), (3, 4), (3, 1), (4, 3), (5, 5)}. 
Then It is 
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(b) Reflexive 


a) Symmetric 
(а) Sym (d) None of these 


(c) Transitive 
79. Raji wants to know the number of relationg 
possible from A к т How many number of 
relations are possible 

0 (Ы) 2° (c) 6! (d) 22 ° 
80. Let R: B B be defined by R = ((1, 1), 
(1, 2), (2, 2), (3, 3), (4, 4), (5, 5), (6, 6)), then R ig 
(a) Symmetric i 

(b) Reflexive and Transitive 

(c) Transitive and symmetric 

(d) Equivalence 

Case V : Read the following and answer any four 
questions from 81 to 85 given below. 

Students of Grade 9, planned to plant saplings 
along straight lines, pa rallel to each other to 
one side of the playground ensuring that they 
had enough play area. Let us assume that they 
planted one of the rows of the saplings along the 
line y 2 x — 4. Let L be the set of all lines which are 
parallel on the ground and R be a relation on L. 


5 д” 


Mt 


81. Let relation R be defined by R = ((L4, Lj) : 
L, || La, where Ly, Ly € L} then R is 
relation. 

(a) Equivalence 

(b) Only reflexive 

(c) Not reflexive 

(d) Symmetric but not transitive 


82. Let R= (L4, Ly) : Lj L Го where Lj, Ly € L}, 
then which of the following is true? 

(a) R is symmetric but neither reflexive nor 
transitive 

(b) is reflexive and transitive but not symmetric 
(c) R is reflexive but neither symmetric nor 
transitive 

(d) Risan equivalence relation 


83. The function f: R — R defined by f(x) = x - 4 
| Bijective — 
Surjective but not injective 
Injective but not Surjective 
Neither Surjective nor Injective 


Relations and Functions 


84. Let f: R ¬» R be defined f(x) = x — 4. Then 
the range of f(x) is 
(a) R 
(c) W 


(b) 2 
(d Q 
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85. Let R= ((L,. Ly): L, is parallel to L and Ly: 
y = x — 4j then which of the following can Бе 
taken as 1)? 

(а) 2х-2у+5=0 
(с) 2х+2у+7=0 


(b) 2х+у=5 
(d) x+y=7 


2 Assertion & Reasoning Based MCQs 


Directions (Q.-86 to 100) : In these questions, a statement of Assertion is followed by a statement of Reason is given. Choose 


the correct answer out of the following choices : 


(a) Assertion and Reason both are correct statements and Reason is the correct explanation of Assertion. 
(b) Assertion and Reason both are correct statements but Reason is not the correct explanation of Assertion. 
(c) Assertion is correct statement but Reason is wrong statement. 

(d) Assertion is wrong statement but Reason is correct statement. 


86. Assertion : The relation R in a set 

А = (1, 2, 3, 4} defined by R = ((x, y) : Зх- y = 0j 
have the Domain = (1, 2, 3, 4) and Range 
= (3, 6, 9, 12). 

Reason : Domain & Range of the relation (R) is 
respectively the set of all first & second entries 
of the distinct ordered pair of the relation. 


87. Assertion: If R is a relation defined on the 
set of natural numbers N such that R = { (x, y) : x, 
ye Nand 2x + у= 24 |, then R is an equivalence 
relation. 

Reason : А relation is said to be an equivalence 
relation if it is reflexive, symmetric and 
transitive. 


88. Assertion : If the relation R defined 
in A = (1, 2, 3} by aRb, if |a? -62| < 5, then 
R= R. 

Reason : For above relation, domain of 
It! = Range of R. 

89. Assertion : A function у = Дх) defined by 
х?- сої!у = п, then domain of f(x) = Е. 
Reason : cot^!y є (0, л). 

90. Assertion: A function f : R > R satisfies 
the equation f(x) - f(y) = x = y Vx, y eR and 
f(3) = 2, then f(xy) = xy - 1. 

1 
3 


Reason : f(x) = (Бе e Rx #0 and f(2)- 


2 
Иде $1211. 
х°-х+1 
91. Assertion : If f(x) is odd function and g(x) 
is even function, then Дх) + g(x) is neither even 
nor odd. 


f(x) , if f(x)iseven 

-Кх) , if f(x)isodd 

92. Assertion : Let A = {-1, 1, 2, 3} and 
B = (1, 4, 9}, where f: A B given by f(x) = x?, 
then f is a many-one function. 


Reason : If x, # xy = f(x,) = f(x»), for every 
ху. хо € domain, then f is one-one or else many- 
one. 


Reason: f(-x) = 


93. Assertion : Let A = {x,, хо. хр ху, Xz} and 
В = {у, ys, Уз). The number of functions from 
A to B, which are not onto is 45. 

Reason : The number of onto functions from 


A to B is equal to the coefficient of x? in 
5! (e — 1)3. 


94. Assertion: Every function can be uniquely 
expressed as the sum of a even function and an 
odd function. 


Reason : The set of values of parameter 


а for which the function /(x) defined as 


x! 


f(x) = tan(sinx)+]—J] on the set [-3, 3] is an 
a 


odd function is, [9, со). 

95. Assertion : The equation (x— 1)? = т(х5 — 1) 

has 3 real roots if 0 < m < 16. 

х?-1 

96. Assertion : The function f : R — [0, 1) 
х? 


defined by Дх) = —— 
JFL 


Reason : The range of /(х) = is [0, 16]. 


is surjective. 


Reason: For surjection, Range of f(x) = codomain 
of f(x) 


t- O (Power set of A) = 2044), 

Number of relations from А to B = 27" 

(dj: R = (x, ): zx y EN, 2x + y= 41) 
Reflexive : (1,1) € Ra8s2-1*17 32 41. So, R is not 
reflexive 
Symmetric : (1, 39) € R but (39, 1) е К. So К is not 
symmetric. 

Transitive : (20, 1) € К and (1, 39)e R. But (20, 39) € R, so 
R is not transitive. 

6. (d):Given, Дх) = х + [x] 

Now, 8-2) = -2+ |-2] =-2+2=0 

and А-3) = -3 + |-3| =-3+3=0 

Hence, f is not one-one 


x+x if x20 
Aso E x-x if х<0 


2х, x20 
reat SO 


= fe 


Thus, f(x) = 2 x 2 0 for all x 2 0 and f(x) = 0 for x « 0. 


T 
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RAnza-1!-1Yz2-1 


— 


. then number of soluti 
e equation g) = f(z) is two. 


Reason : So fA 
points of Aix) = 0 and glx) = 0. 


cannot be negative for any 
_ Note that К, = [0, =), which isa 


= 4, (3)5= 9, (1-16 


), (9, 3), (16, 4), (25, 5), (36, 6)} 
К} = (1, 4,9, 16, 25, 36} 
} = (1,2, 3,4 5,6} 


+.,9-16-+ 7 eZ and so on 


Domain of R = (x : (x, v) € R} = {0, 3, -3} 
Range of К = (v: (x, у) ER} = (5, -3, 0} 
x-2 х-2 


2-х х-2 


9. (с): Wehave, f(x)= =-—1,х#2 


- Range of + (-1) 
10. (4) 
11. (d): 6 > 0, 6*1 > 0 for all x eR. 


So, f is into. For different values of x, 6“ and 6!*! are 
different positive numbers. Clearly, f is many-one. 


х-1, xiseven 
12. (с): fel 


x+1, xisodd' 
which is clearly one-one and onto. 
13. (с) : Since 3 < 4, injective functions from A to B are 
defined and the total number of such functions is 
4! 

(4-3)! 
M. (c): The total number of bijections from a set 
containing n elements to itself is n! 
Hence, required number = (106)! 


24x3x2x1224. 


Жежкит and Functions 


15. (9 : (0) We know that every triage is congruent 
to itself. 
2 (ТуТ)е Кіма Т, є Т. Т, Ё is referire 
G) Let (7, 77) € Ё => T, is congruent to Т. 
=> TiscongrenttoT, 2. (TT j€ Е 
Thus, Ё 15 symanetrix. 
G3) Let (7,, Tz) « E and (T4 Tye Р. 
= T, is congruent to T, and 1, 3s congruent to Ту 
T; is congruent to T; = (T, 7.) + Р. 
Thus, К is transitive. 
< Ris an equivaleme relation. 
16. (b): Given Rb = ais brother of E. 
Ва: b K a [7 Р may от may not be brother of 2] 
Ris not symmetric 
Let 2КР and РКС 
= ais brother of F and Р is brother of c. 
л аіѕ brother ofc => (a QeR г. Ris transitive 
17. (d): The smallest equivalence relation is the 
identity relation R} = {(1, 1). (2, 2), (3, 3)] 
Then, two ordered pairs of two distinct elements can be 
added to give three more equivalence relations. 
R= ((1.1), (2,2), (3, 3), (1, 2), (2.1) 
Similarly R, and R,. 
Finally the largest equivalence relation, that is the 
universal relation. 
К» = {(1, 1), (2 2), (3, 3), (L 2), (2, 1), (1, 3), (3, 1), 2 3} 
(5, 2)} 
18. (Ъ) 
19. (b): Given aRb, a 2b 
(1) Now a > a is true for all real no. 
- Ris reflexive. 
(ii) Let (а, Р) е К,а>Ь 
Now a > b but does not imply b > a. 
л (ba)e К - Ris not symmetric. 
(iii) Let (a,b) e Rand (b c) e К = azbandb2c 
~ azc = (а, с)є К ~ Ris transitive. 
20. (а): (1,1), (2, 2), (3,3) е К 
г. Ris reflexive but it is по symmetric. 
Also, R is transitive. 
21. (c) : In (a) image of 2 is not unique. 
In (b), image of 1 is not unique and there is no image 
for 3. 
In (d), image of 1 is 1 which does not belong to В. 
So, the correct option is (c) in which all elements of A 
are mapped to 3 е B. 
22. (с): As A contains 5 elements. 
4 For any one-one onto mapping f: A > B, f (A) also 
contains 5 elements but B contains 6 elements. 
х ДА) # В. 
So, no one-one mapping from A to В can be onto. 
23. (b): Iff: A > Bisa function, then f(1) can be chosen 
in two ways, f (2) can be chosen in two ways, ..., f (n) can 
be chosen in two ways. 
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in Stal there are 27 Core tem peeedbie Cot of these two 


Батин f. ard Ё. бела аз РАЙ т рте] E 4 
j 72 7 ا‎ 2 ас 


suryectuona from A 40 Ва 2" - 2. 
i " = 


- 


2 Е > Ё cen not be defied 


25. (d: (2) Given fix} 


л jz) is even 
26. (4): R= (zy) 5A x B: +, 


A21) 
г =1 ادر د‎ 
x=0 = y=+leB 

(0, -1), (0.1) ë R, 

R, can not be a function 

R= (х, у) eA х С: + =1} 


у= lex? 
5 
For each ye СЗхе Asuchthat x 7 yl- y^ 
R, is a function from A onto C, 
a ” а+1 а+1 
: f(a)=—— and Да+)< = 
©: J а-1 d. (a*1)-1 a 


а 
fa ало а 
fat) arl аа 
a 
28. (4): Here, fis not a function from A to В as f(1) is 
not unique. 
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29. (b): Let fix) = x? + sin*x, then Д-х) = Дх), therefore, 
fix) = х2 + sin^x is an even function. 

30. (c) : 2Кс) = fi2a) А 

= 202 - 3 + 1) = (Фа) - 320) * 1 

= 202-60 +2 = 402 - 6а +1 


= 


31. (a): For -1) = 3(-1) = -3 
К) = (2)? = 4.4) = 2(4) = 8 
n А-1) + Д2) + fi4) = -3+ 4 + 829 
32. (с) : Since Дх) = f-x) = +1 forall x ER, therefore, 
fis one-one. 
33. (b): ix) = 2 - 4x +5 bas; 
Let у=?-4х+5 = у=(х-2)°+ 
=> (х-2ў=у-1 = х-2< у-1 әх= y-1 +2 
For range y -1 20 =yel 
^ Range із [1, =). , : 
34. ():Given, R= |(х, у): х, y € І, х? + у 4} 
= ((0, 0), (0, -1), (0, 1), (0, -2) ... (-2, 0)] 
Domain of R = (x : (x, y) € R} = (-2, -1,0, 1, 2) 
35. (а): R= ((2, 2), (3, 5), (4, 10), (5, 17), (6, 26)! 
Domain of R = [x : (x, y) eR] = |2,3,4,5, 6} 
and range of R = (v: (x, y) ER} = (2, 5, 10, 17, 26} 
36. (d): 
1 1 


Jin x} + {sin(n+ x)} * Jfsin x] + (sinx) 


0, sin x is integer 
Now, foins) + fein) а 1, sin x is not integer 
For f(x) to be defined, {sina} + {-sinx} #0 
=» sinx # inleger = sinx 2 £ 1,0 
= Х7 uui 


2 


Hence, domain is Ё ~ Iz € ) Р 


1-cosx).. 


=(1- созх)!/? (1- cosx)!/4 (1 ~cosx)'/8 © 

1 + 1 + 1 + €€ 12 
«(l-cosx)? 4 8 ^ =(1-созх)! "die 
s» Range of f(x) is [0, 2]. 
38. (b): Given, «Rf «» a 1 p ex f Lo = рКа. 

Hence, R is symmetric. 
39. (а): Reflexive: ja-a] *0<1 4 aRaVaeR 
. Ris reflexive, 
Symmetric: ab =» ja -b| <1 9 |b = a| <1 = bRa 
^ Ris symmetric, 
1 1 1 


z and 2 RF but 2 #1 


R is not anti-syrinetríc, 


=] -cosx 


Anti-symmetric 1 R 
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Transitive : 1R2 and 2R3 but 1K3 [- 11-3] 22» 1] 
л Risnot transitive. \ + disjoint a A 
. Given R and R’ are no J 
M лева pair, say, (a,b) e RAR. 
E (а, b) eR and (a, b) ER’. . 
As R and R' are symmetric relations, we get 
(Б,а) е К and (b, a) € К' " (baje RAR 
Hence, R ^ К is symmetric. 
41. (a): Reflexive : (1, 1), (2, 2), (3, 3), (4, 4) ER; 
Ris reflexive. 
42. (a): (i) Reflexive : a €R, aR;a = lal = [а| 
(й) Symmetric : а, beR 
aR,b= lal = Ibl = |b| = |а| = ВК да 
(iii) Transitive : 0, b,ceR 
акра < | b], BRc = |b|=|¢|-So,] aH c] ас 
= К, is an equivalence relation on R. 
43. (a): Let A = (1, 2, 3}, and let R = {(1, 1),(1, 2)}, 
S = ((2, 2), (2, 3)} be transitive relation on A. 
Then, R u S = (01,1), (1, 2), (2, 2), (2, 3)}- 
Ru Sis not transitive, since (1,2) € RU S and 
(,3)e RUS but (1,3) RUS. 
44. (b): As К is an equivalence relation on set A. 
Hence, R has atleast п ordered pairs. 


45. (c): f(x) -2н(2х-#)+4 


sin x is one-one in 


46. (c) : We have, y = 2x* 

^ y)-1( = y)1( = 2, y(0)=0 (many-one onto) 
Here, we see that for two different values of x, we will 
get a same image and no element of y is left, which do 
not have pre-image. So, function is many-one onto. 

47. (b):y(0) = 0, у(1) = 1, y) = 4, у(3) = 9. No two 
different values of x (where x ЕХ) gives same image. 
Also -1 is clement of set Y, which does not have its pre- 
image in set X. So, function is one-one into. 

48. (с) : Since, f(n) = 1+ п2 


Гог опе-опе, 1+ т =1+ „2 „пъп М 


= n? E =0 = m= m 


г, f(n) is one-one. 

Clearly, f(n) is not onto, 

49. (b): Letf: A — В such that 
ft) * {x}. 

We have , [14] = [1.6] =2 
Here, two elements in A, 1.4 
and 1.6 have the same image 
iv, 2 in B. 

Thus, f(x) = [x] is à many-one 
function, 


( ny + по #0) 
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50. (с) : We have, f(1) = f(2) K 7 

= f(3) =1 

До) =0 

fe) =f) = f(-3) = -1 

Hence, function f is not one- 

one, so signum function is 

many-one function. 

51. (b): (1) is not correct as (3, 3) e К and hence R is not 
reflexive. 


(2) is correct as the relation R 7 ((3, 3)) is symmetric 
and transitive but not reflexive as (1, 1) €R, 
(2,2) К. 


52. (d): Given f(x) = 4х3 + 32 + 3x +4, 
Now, xf (2 ) 
х 


3 2 

=x? (4) E zT 

x x x 
=4+3х +32 + AP = fx) 
53. (d): As f(a) is not unique, thus f is not a function. 
54. (b): Domain of fis the set of those points on which 
f is defined. Here, f(1) = 3, f(3) = 5 and f(2) = 6. So, 
D,=(1, 2,3) 
55. (b): Dg, = Dp ND, = Dy n Ds. 


3x? +7x-1 f 1 
56. (d): ea he is a polynomial 


| 3 au 3 
function. 
57. (с) : Since y =1 + |х| 21V x ER, therefore, graph 
of the given function must lie on or above the line 
y * 1. Hence only option (c) is correct. 
58. (b):If y = f(x), then y = 332 + 7x + 10 
ог 3х2 + 7х+10-у=0 
71 
15 
59. (d): Here, (а, Б) К (a, b) for all (a, b) EN x N 
= Ris reflexive. ( a+b=b+a) 
Let (a, b) R (c, d) 
= а+4фев+ с 
= ctb=dt+a 
“ Ris symmetric 
Let (a, b) R (c, d) and (c, d) R(e, f) 
at+td=b+candc+f в + е 
(a + d) + (c + J) = (b + с) + (4 + e) 
a+f=b +e =>» (a,b) К (ef 
R is transitive 


Since x is real, (7)? - 43(10 - y) 0 ie, y> 


= dta=ct+b 
= (c,d) К (a, b) 


60. (d): A relation from a non-empty set A to a non- 
empty set B is defined as a subset of A x В. 


61. (a): Clearly, (1, 1), (2, 2), (3,3) € К. So, К is reflexive 
on A. 


Since, (1, 2) e R but (2, 1) ё К. So, R is not symmetric 
on A. 
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Since, (2, 3), € R and (3, 1) = R but (2, 1) e К. So, R is 
not transitive on А. 

62. (b):Since, (1, 1), (2, 2) and (3.3) are not in R 

So, R is not reflexive on A. 

Now, (1,2) + R = (2,1)+ R 

and (1,3) = К- (3,1) є R 

So, К is symmetric 

Clearly, (1, 2) = К and (2, 1) € R but (1, 1) e К. 

So, R is not transitive on А. 

63. (c): Wehave, К = [(х, v): y =x *5and x < 4], where 
х,ує М. 

2 R= (1,6), (2, 7), (3, 8)} 

Clearly, (1,1), (2,2) etc. аге not in R. So, R is not reflexive. 
Since, (1, 6) = R but (6, 1) € R. So, R is not symmetric. 
Since, (1, 6) € R and there is no order рап in R which has 
6as the first element. Same is the case for (2, 7) and (3, 8). 
So, К is transitive. 

64. (d): We have, R = |(х, y) : 3x - v = 0), where 
xX, y EA = [{1,2, ...... , 14) 

л R= (1,3), (2, 6), (3, 9), (4, 12)) 

Clearly, (1, 1) € R. So, R is not reflexive on А. 

Since, (1, 3) € R but (3, 1) € R. So, R is not symmetric 
оп А. 

Since, (1,3) = Капа (3, 9) = R but (1,9) £ К. So, Ris not 
transitive on A. 

65. (d): Clearly, (1, 1), (2, 2), (3, 3) = К. So, Ris reflexive 
on A. 

We find that the ordered pairs obtained by interchanging 
the components of ordered pairs in R are also in R. So, 
К is symmetric on А. 

For 1,2,Зе A such that (1, 2) and (2, 3) are in R implies 
that (1, 3) is also in R. So, R is transitive on A. 

Thus, R is an equivalence relation. 

66. (а) : For f(x) to be defined x -2z0ie,x #2 

-. Domain of f= К - (2) 

х--1 

х-2 


=» ху-2у=х-1 = ху-х=2у-] > х= 


67. (b): Lety = f(x), then y = 


Since, x € К - {2}, therefore y = 1 
Hence, range of f = К - [1] 
68. (d): We have, g(x) = 2/(x) - 1 


(е) 


Let g(x1) = g(t) = 3-2 


x2 

7 ر2 - ړا = 2 - را‎ => 2х = وا2‎ xx, 
Thus, g(t) = (05) = x, = x; 

Hence, g(x) is one-one. 

70. (с) 


Фа (X,Y) «К 
(a) Both (X, W) and (W, X) ER 
(as (Py E € R (Py Fa) €R and (Fj, Fa) €R 
(с): Equivalence relation 
(а) All those eligible voters who cast their votes 
(a): Ке Qv) vis divisible by a) 
= AQ, 0, (2. 2, (3, y. (4, 4), (5, 5). (6, 6), (1, 2), (1, 3), 
(63 (2. 4), (L 5), (1, 6), (2, 6), (3, ©} 
Here де Куле Bos Ris reflevive 
(„е Rbut(2 1) € Ree R is not symmetric 
Clearly, Ках transitive also 
77. (a): Here, (A) = 2and (В) #6 
х Totalno of tunctions from A to B e6* 6 = e 
TR (A): Ris not reflevive as (1, 1), (3, 3), (4, 4), (6, 6) € 
К 
Ris not symmetric as (1, 2) с R but (2, 1) € R, 
R is not transitive as (1, 3) с R and (3, 4) е R but 
(1.4) є К 
79, (4): We have, n(A) = 2, (В) = 6 


No. of relations tram A to В = 2 А) * м) 


SQ (0): (0. х) КУузе В 
“ Ках пееме 
(L De R but (2, 1) e Rss Каз not symmetric 
Also, К is transitive 
81, (а): Ка L3:0 || Ls by зе L 
IN Lel 
R is relive 
De Rel, |l lg =e La || E, = (Ly Li) ER 
K is symmetric 
Let (L La) € Rand (Ly la) е R 
s> Lyi bandh, |] bk 
мә llb, (Ly La) € К 
sè Ris transitive 
Thus, K ts an equivalence relation 
82. (a): L can t be perpendicular to itself 
e Ras not retlexive 
Let (Ly Lye Realy 1 ә Ly bby e (Ly bye К 
^ K issymmetriv 
Let (Ly, Ly) е R and (La La) е R 
e Lyd ап Ll, 
» Lill уз» Gu Le R 
s> Ris not transitive 
83. (a) Да) "2-4 
Дз)” Ка) за - 4 =» аә رد‎ may 
=» /(1) is one-one 
For all Да) there exist a x in its domain 
So, fis onto 


s+ fis bijective, 
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ва. (Mf) 7 4 

Let fx) туух бху 

yye К, vis defined 

Thus, range of f * К. 

85. (a): We have, R = (аи La) : Ly | | La and 
уун) 

Slope of Ly = 1 = slope of Ly te Ly [| Li} 
From the options, we sce that only 2x - 2y +5 = 0 have 
slope 1. 

86. (а): Ке (o) :v 35 хе A] 

х R= {(1,3), (2, 6), (3, 9), (4, 12) 


© Domain of the relation = (1, 2, 3, 4] 


and Range of the relation = (3, 6, 9, 12]. 
87. (d) 
88. (b): Assertion : 
R = ((L 1), (1,2), (2, 1), (2, 2), (2, 3), (3, 2), (3, 3)] 
RT = (у, л) : (x, WERI 

= (1.1), (2, 1), (L 2), (2, 2), (3, 2), (2,3), (3, 3) К 
Reason : Domain of R= (1, 2,3] 
Range of R = (1, 2, 3] 

(d): Given, V- cot'!y =n 

п = coy SOLL- En =›л<х°<2л 


хе (-У2л‚,-Ул) u (Vr, 2n) 
Assertion is wrong but Reason is correct, 
90. (b) 
91. (): v f()isodd = /(-х)=-/(х) 
and x(a) is even. = (-х) = (л) 
Let FQ) =f) +50) 
F(-a) = (23) + (ех) = = F(a) + у(х) # xF(x) 
AO F(x) is neither even nor odd, 
Hence, Assertion is correct. 
Reason is also correct and is the correct explanation of 
Assertion. 
92. (a): Here /(-1) * 1, f (1) * 1, 
f(2) =4,/(3)=9 
Two elements 1 and -1 have the 
same image 1 € В. 
So, f is à many-one function. 
93. (d): Number of onto mapping from A to B such that 
n(A) = 5, (В) = 3 is coefficient of a in бие - 1)? 
= coefficient of x in 5! [c - 36 + 3e" - 1] 


^ E 
"E 3,32 +3 1 


51 5 5! JL of exponential function 


Using the definition 


“81x 3-3x32+3 

= 3(81 -32 41) = 150 

* Number of functions which are not onto 
= Total function = onto function 
«3 - 150 = 93 


Assertion is wrong but Reason is correct. 


Relations and Functions 


94. (b): Clearly, Assertion is correct. It is given that 


х? 


f(x) = tan(sin x) + = is an odd function. 
. flex) = fix) 


m 
= -tan(sinx)+ 


= - tan(sinx) -| — 
a 


a > O and 0s x? <a for all x € [-3, 3] 
а>91.е.,ає |9, =) 


So, Reason is correct but И is not the correct explanation 
of Assertion. 


ET 
95. (а): We have, /(х)= СЗ 


х?-1 
Now, f (х) = 0 
э 5(x-1)(0-1)-(x-1? ۰5× =0 
э (к-1)(х+1)(2 +1) =0 
=> х=ї1 


گ1 
E‏ 


max f = f (-1) = = -1 


=0 


Range of f(x) is [0, 16]. For т є (0, 16), there are two 
values of x, say xy, Хо 


“ The equation (x - 1)? = m(x - 1) has two roots 
x; and хо. 

“The equation has 3 roots if 0 < т < 16 and one root 
(x = 1) otherwise. 


96. (a): Foronto function, codomain of f range of f. 


x2 


1+х 


We have, f(x) = Then y > 0. 


2 


=» codomain of f= Range of f, as f: К — [0, 1). 
(а): As x € (e, =) 
log x > 1 = log (log x} > log 1 
log (log x) > 0 
log (log (log(x)) > log 0 
log (log (log х)) € (- =, =) 
codomain of f(x) = Range of f(x) 
fis onto 
Again logarithmic functions are always one-one. 
л f(x) is both one - one and onto. 
98. (с) су-х- integer and z - y = integer 
= 2-х = integer 
= (х,у)е Aand (y.z2) < A = (х,1) = А 
= А is transitive 
Also (х, x) є А is true = Reflexive 
Аз (х,у)ЕА = (у. х) ЕА 
(7 v - xis also an integer if x - y is an integer) 
= Symmetric 
Hence, А is an equivalence relation but B is not. 
^ (0, v) is in B but (v, 0) is not in B. 
-. Assertion is correct but Reason is wrong. 
99. (a): f(x) = 7x - [7x] 
Let 7x = у 


Then /[®#)=у- = 
= Дх) is many-one. 


-. Reason is correct & many-one function cannot be 
one-one function, so Assertion is also correct. 
100. (a) : Let fix) = у 


э )»+1(-1= د‎ x=-14 Д+у 


А зае е" 

Now, f(x) = g(x) 

э (x*1)-12-1* Vx+1 
= (х+1)2= /х+1 

= со 2 -1]=0 


= x=-Landx=0 
=» There exist two solutions 


OOO 


Practice Time 


Multiple Choice Questions (MCQs) 


Find the principal value of sin” ( | Е 


(dy та 


6 
E 
6 


(b) 


tola oa 


eene d E (d) Evaluate : sin te sin? (2) 
INVERSE TRIGONOMETRIC FUNCTIONS | m 
43/2 (b) 12 


К Бар A 
» Trigonometric functions are not one-one and Find the principal value of cos 0 (à 1 


onto over their natural domains and ranges Бе. 
Find the principal value of tan !(-1). 


r 


5 (b) 


Let y = fix) = cos x, then n inverse is x = cos !y 4 Talut odas САБ) и 3 (4) 
Ihe domains and ranges (principal value branches) | Direction (10 - 17) : Find Ше principal values of 
| each of the following: 


; 2n 
R(real numbers). But some restrictions on domains SE =, (b) 


and ranges of trigonometric function ensures the E Бл 


Ala wla 


existence of their inverses | С (a) 


of inverse trigonometric functions are as follows : 


Functions $ 10. sinî 
The value of the inverse trigonometric functions 


which lies in its principal value branch is called the 
principal value of inverse trigonometric function. 


Evaluate : cos| 2 cos™ E 


ola cia 


13 
25 


-13 
25 


Evaluate 


0 


1 (9) None of these 


Find the value of tan" 2e0s{ 2sin” i 


(b 
(d) 


via оја 


The principal solution of cos™ ES 


| 
| 
| 
{ 
| 
| 
| 
| 
] 
| 
} 
| 
| 


к ee Emenee vt 
ы tenet 


совест (2) 
Li 
6 
Ба 
6 
seo ц2 


The domain of sin™ 


[-1, 2) 
None of these 


(d) 


x + сов^!х + tan“ x is 
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(5) [-1, 1] 


(a) 10, 1] (b R 


() 10.1) 


23. T 


m (15 
equation sin ics cyt sings 


(b) 2 


) 4 я ; 
(а (4) infinite 


(o 0 
24. 1f 6sin Ка? - бх + 8.5) = л, then x із equal 


to 


(b) 2 
(a) 1 
«3 (d) 8 


25. The value of tan" (1) + tan^*(0) + апт) 
is equal to : 


м 


5л 
бу ж $) = 


(d) None of these 


26. 1f 0 = tanla, ¢ = tan! b and ab =— 1, then i 
16 - 6l is equal to Ў 


r 
(а) 0 (b) 4 
(с) д (4) None of these 


2 
27. The domain of the function сов 1(2х — lis. 
(a) [0,1] (b) [-1, 1] 
© 1,0 (d) [0, л] ! 
28. The domain of the function defined by 
f(x) = sin! Jx -1is д 
(а) [1,2] (b) [-1, 1] 
(c) [0,1] (d) none of these 
29. The value of sin(2tan^!(0.75)) is equal to 
(а) 0.75 (b L5 
(c) 0.96 (d) sin 1.5 
30. Исов и + cos"! + cos |y = Зл, then a(B y) + 
Bly + a) + у(а + В) equals 
(a) 0 (b) 1 
(c) 6 (d) 12 


31. 20057! x = sin (2xJ1— x?) is true for 
(a) allx (b) x >0 


(с) хе [-1, 1] (d) «1 


1 

-= S < 

Z x 

32. cos cos(2 tan 1(/2 + 1))] = 

(a) 42-1 b) 142 
л 


(с) 4 


Менче Frigoncmeteie Fine tory 


33. If sin ie? ~ Te + (2) * na, ¥$ ле, then r» 

(a) -2 (h) 4 

(с) -9 (di f 

34. The solution set of the equation 

, ty æ соя (2 ~ vj ia 
(5) [1,1] 


(d) None of these 


tan ¥ ~ cot 
(а) (0, 1] 


(с) [1,3] 
35. coa [coa Zeot До = 


2л 


3 (b) 


(a) 


(c) (d) 


Ala 


tan"! (cot0) = 20, then 0 is equal to 


- 
-~ 


л 
(b) = 
1 


(d) None of these 


(a) 


(c) 


ala cia 


37. If 2isin! x - 5sin! xj + 2 = 0, then x = 


(a) л/6 (b) х/3 
(с) 2 (d) 1/2 


2) Case Based MCQs 


Case I : Read the following and answer any four 
questions from 41 to 45 given below. 

Two men on either side of a temple, which is 30 
metres high above the stairs, observe its top at 
the angles of elevation с and p respectively (as 
shown in the figure below). The distance between 
the two men is 40/3 metres and the distance 
between the first person A and the temple is 


3043 metres. 


sin”! (2) 


The prineigal soutien of «отг 
71 


td) 


The principal solution of tan d tani 
i 


(а! 


(e) 


42. 


8 
а, 


— 


(a) 


оре Gil 
— 


P 


(b) 


(d) 


via 4-138 


Domain and range of cos™* x are respectively 
C1, D, (0, д) (b) (-1, 1], (0, п) 


(d) C1, »|- z z] 


{-1, 1], (0, л] 3'3 


20 


Саке И: Read the following and answer any four 
questions from 46 to 50 given below 


The Government of India зе planning to fix a 
hoarding board at tbe face of a building on the 
road of a busy market for awareness of Covid-19 
protocol. Ram, Robert and Rahim are the three 
engineers who are working on this project. ^A" 18 
considered an a person, View ingthe hoarding board, 
20 metres away from the building and standing 
at the edge of a pathway nearby. Кат, Robert and 
Rahim suggested to the firm to place the hoarding 
board ut three different locations namely, C, Dand 
E Cin at the height of 10 metres from the ground 
level. For the viewer А the angle of elevation of*D" 
i» double the angle of elevation of °C”, The angle of 
elevation of “E” is tuple the angle of elevation of 
“C for the same viewer. Look at the figure given 
below and based on the above information, answer 
the following questions 


Ё 


4 


20 т 
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ы (0 


(d) сал 1(3) 


46. Measure of “САВ = 


(а) ап (2) 


(c) tan Ya) 
47. Measure of ZDAB = 


` Ve 
(а) tan (3) (b) tan (3) 


(с) 2tan (1) (d) бап (4) 


p] 
ت‎ 


Measure of ZEAB = 


tan (11) 

2 r aft 
(с) tan (2) (4) 3tan 2 
49. IfA' is another viewer, which is ata distance 
of 5 m from A as shown in figure, then the 
difference between ZCAB and «СА В is 


(a) tan (1/2) (b) tan^*(1/2)-tan^! (2/5) 


2 
(c) tan (3) 


50. Domain and range of tan”! x are respec. 


(b) tan7!3 
1 


(inn 
(b) к”, 2'92 
0,5 


d) R, 
(d) 2 


2) Assertion & Reasoning Based MCQs 


Directions (Q.-51 to 55) : in these ques 


the correct answer out of the following choices 


ns, а statement of Assertion is followed by a statement of Reason is given. Choose 


(a) Assertion and Reason both are correct statements and Reason is the correct explanation of Assertion, 
(b) Assertion and Reason both are correct statements but Reason is not the correct explanation of Assertion. 
(c) Assertion is correct statement but Reason is wrong statement. 

(d) Assertion is wrong statement but Reason is correct statement, 


51. Assertion : Principal value of 


sin jain is 
3 3 


Reason : Principal value branch of are sin 


ME nn 
function is | - 


52. Assertion: Range of f(x) = sin x + tun !x 
1 n Зл 
xisi-,— 

44 


Reason: flx) = sin )x +{ап`!х + вес js defined 
for all x e[-1, 1]. 


* sec 


53. Assertion : Number of roots of the equation 
cot! x + cos ! 2x + д = 0 is zero, 

Reason : Range of cot^! x and сова із 
(0, n) and [0, n], respectively, 


54. Assertion ; Range of f(x) = со! (2x = х?) 


is (0, л). 
Reason : со 1х is defined for all x € R. 


55. Assertion : The domain for 
Ла) = sin! 


Reason : sin“ y is defined only if x € [-1, 1]. 


Inverse Trigonometric Functions 


1. (а): Let x = sin (4) then sinx = Б 


We know that the range of principal value branch of 


; л л [-хх 
речни (х) = LE a 


2/2 


sin”! is EZ 
2 2 


pr ANSWERS 14 


4 4 


л Principal value is 2, 


2. (с): Let x = cos 


We know that the range of principal value of cos"! is (0, z} 


4 
1(3 


‚ then cosx = -УЗ 
2 2 


n 
= cosx = cos( x Z) => x= 


Principal value is 57 


3. (b): cosec 


6 


6 


я (2/43) = cosec^! cosee (2)) = 3 


2 


4. (d): сов] 2cos™! 6) = cos 2x, where x = соз” 


= 2cosx -1- 


5 


ДЕ 


6. (b): We have, 


tan! 2 они” ( 


Е n 
= tan ilz cos = 
3 


|t 


7. (b):In (0, n], 


oe ooo 
C) 


= соз 1 co(n € 
о 


8. (d): E 


R 


n | 
~ + SLL 
3 


9. (aj:Lettam'(-1) = x = -I-tanx 
We know that the range of principal value branch of 


tatus (- 7,2). 
27 


Then, - 1 = n 


Hence, the principal value of tan“'{-1) is -— 


-1 


Principal value of sec 


(b): Leteos'(3} = 


8=—e€[0,n] 


Principal value of cos^! 


(b): Let cot (1) #0 = со Ө =1 = cot i 


0= = є(б,т) 


Principal value of cot (1) А 


4 


(а) : Let cosec^ (2) = 0 => cosec Ө = 2 = cosec К 


6 


Principal value of cosec (2) is ча 


6 


(b): Let sec!) = @ => sec 0 = 2= sec Л 


3 
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22 . The above condition will satisfy if E 
E Е 
x Р. ч ey=z21 
ы e- Кел |Е| зи хе за ly = sin 1- = 5 xy 1 1° 
-1 (x2 - 6x + 8.5) = T * = cos"! (2675) 


sin7(x? -6х+8.5) = : = cos! (cos 135°) = cos"! (- 


32. (d): cos™!(cos(2 ап (у2 + 1))) 


‚үү, ге, 6 sin 
Principal value of sec (2) is x 24. (b): We have | 


42 

x2 6x +8.5=5in | 33. (b): sina? - 7x + 12) = nn 

02-6х+8=0 ) M X -7х + 12 = sinnn 

ав. & (x-4) (2) =0 х= 4 or x=2 fs xi-7x 412-0 (+ sinnn = 0 vne I) 

2. Principal value of tan 315 3: (a): tan (1) + tan (9) + tan"! (71) : (к-4)(х-3)=0 = х=4,3 41. (b):We have, BD = 30 m, 
A as E x E (c) : Since, tan“ x and cot! x exists for all x eR — AC 2 4043 , AD = 30/3 m, 

17. (a) : Let cor! (23) = 6 = coto = 3 =-core =®+л—-— ял = and с0571(2 - x) exists, if-1<2-x<1= 1<x<3 B 


7 5 -1 ۾‎ 0 = tan! tan” x - cot" x = cos" (2 - x) is possible only if 
-c(s-£) PAP C > де € (0,7) (с) : Given that, Ө = tan а,ф = tan" band ab = -1. 1<х<3 C 7 

6 6 6 tan 0 tang =ab=-1 = tan 0 =- cotó 

. 5x x 

A Principal value of cot? (-43) is =. ano = tan (2+9) = 8-o=5 


п 


16. (b): Let tan? (43) =8 = tan = 3 = ھا‎ 


Thus, the solution of given equation is [1,3] 
35. (d): We have, cos” | соз(2со 5) 


= cos (2) 2 S^ е 


xd: 


6 A-—3043 m — 04-1045 m —- 


= cos (<<) = cos (5) = 
NET = -- 
and principal value of sin (2 15 A -x л 


| is 3 2 Clearly, BD І AC 
: , < зіп Vx-1 <7 на: 
(а) : We know 2 2 f 36. (о : хап! (со) = 20 = cot 0 = tan 20 АВ? крон de» ў 
s Principal value of cos! à -144х-1 51 = 05х-151 = `1<х< ША => cot@=cot/% 20-2 2 -2% „(оү 3üy 
Domain of Дх) is [1, 2]. ЗЕ (з) 2 а Ма A? 
Ө Зи =>AB=60m 
(c) : Let 2ап71(0.75) = Ө = 0.75= tan(2) f = 30-5 =ө- = 
Й 2 6 Now, аа Va 
sinQtan1(0.75)) СО 37. (a): Asin x)? - 5sin а) +2 =0 : 


dnos 29у 2x075 „ 15056 NE o sintra 2225-16 


“1+ tan 0/2) 1+(075 15625 ар 4 
= sin? x= , sin 


-$x«22 xe [-1,2) 7 0 < соѕ1х 5л 


" 

(d): Let cos" = = 0 = cos = vr 7 cose  „ о(+у)+Ви+о) + чо + p) E _ 
=-1(-1-1)+(-1)(-1-1)+(-1)(-1-1) E in x =, sin x = 2 is not possible] 
=2+2+2=6 2 


f зв. (а): In (0, x], 
(d): 2cos!x = ви 2х 41 — x? RE | SERES 


cos (cos( 2 33 =\З 
4 03 


"Qx-1)sm 
- Princi value of НЕ: i а): We know, 0 cos (2x 
18. (a): Principal value of cos” 15 ascen 2 0<2х‹<2 = О<х<1 


a Domain of cos"! (2x - 1) = [0, 1] 


Mat end ул. 


1x22 


Range of sin^!x function is |-л/2, 1/2] 
22. (b): Let f(x) = sin?x + cos! + tanx. Then m 39: A - 
Dom (ў) = [-1, 1] n[-1, 1] A R = [-1, 1]. P (zi - 2ء(‎ "EE = ZBCA=B = tan "(8) 
3 ` : singu ие 
em = уан eet = -Е scostxs4 wll) |. ае таа 
4 
But range of cos^!x is (0, л]. LE tanB = V3 = B = 60° 


Hence from (i), we get 5 -1 | ще: ) = tan? СЕ i 3 P - (а + B) = 180? - (30° + 60°) = 90° 


23. (a): We have, sin^!x + siny + sin” 


-Icsin!xs , 

2 ЕАД 

О< cos", < Л => 12x2 1 => 1 sxsl я $ 
4 Фет 


1 


a . <= 
and — < ѕіл 23 


2 


ud 
2 

m 
2 


24 

45. (c) : Domain and range of cos'!x are [-1, 1] and 
10, J respectively. 

46. (b):Let ZCAB = o, then ZDAB = 20 and ZEAB = 30. 
In right ACAB, 


= ZCABsa- че ( ) 


47. (c): ZDAB = 29 = 2tan'! (1/2) 
48. (d): ZEAB = 3u = Мат! (1/2) 


49. (b): In right ACA'B 


ie BE a 
tan ZA’ = AB 25 


42 
= tan «СА В = tan (2 


4 1 Яд 2 
2. Required difference = tan 5)- tan 5 
50. (c) : Domain and range of tan"! x are R and 


| respectively, 


51. (а): Let y = sin’! (sin(n - 1/3)) 


qoTEER 
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Е. Р 
-ly + ап х + sec x; 


52. (с) : f)" sin +1. 


clearly, domain of f(x) is x = 
Thus, the range is ИП), АТ) ie» { 


53. (a): Reason 

cotx + cos !2x = 

Assertion , Reason are 
ation of Assertion. 

Ba: Let 0 = cot! (2x - х2), where 0 e (0, л) 

cot 0 = 2x - х2, where де (0, л) 

= 1 - (1 - 2x + x°), where бе (0, л) 

-1- (1 - х), where бе (0, л) 

cot 0 <1, where бе (0, л) 


ЩЕ: 
oen = Range of f(x) Ул) 


л is not possible. Hence, both the 
e correct, and Reason is the correct 


= 


2 


(9): Хо = asl |: defined for 


as 2x 


14x: 


2x 
|1 ex? < |2x|, for all x 
1 + x2 < (2x |, for all x (as 1 + x? > 0) 
xi-2|x| +140 я 
\х12-2|х| +1 50 (asx? = |х|?) 
(|x| - 1? «0 


51 


But (|х|- 1)? is always either positive ог zero. Thus, © 


(11-1) =0 
ог |х| =10гх= #1 
Hence, domain for f(x) is (-1, 1]. 


OOO 


is correct, from which we can say 


Matrices 


INTRODUCTION 


The knowledge of matrices is necessary in various 
branches of mathematics. This mathematical tool 
simplifies our work to a great extent when compared with 
other straight forward methods. Matrix notation and 
operations are used in electronic spreadsheet programs 
for personal computer, which in turn is used in different 
areas of business and science, 


MATRIX 


A matrix is an ordered rectangular array of numbers or 
functions. 

Order of a matrix - A matrix having m rows and n 
columns is called a matrix of order m x n. 

Let A be a matrix of order m x n, then it is simply 
represented as A = [a] pm 


TYPES OF MATRICES 


> Row Matrix: A matrix having only one row is called 


а row matrix. 


Column Matrix : A matrix having only one column 
is called a column matrix. 

Square Matrix : A т х n matrix for which m = n 
(i.e., number of rows is equal to the number of 
columns) is called a square matrix of order 'n'. 

It is also called an n-rowed square matrix. 

Null or Zero Matrix : If all the elements of a matrix 
are equal to zero, then it is called a null matrix or 
а zero matrix, It is denoted by O or more clearly 
by On ew 

Diagonal Matrix: A square matrix A а, „ „ in which 
all the elements are zero except those in the leading 
diagonal is called a diagonal matrix. Thus, ina diagonal 
matrix a, = 0 for all i # j. A diagonal matrix of order 
nxn whose diagonal elements аге Ку, ky 

written as diag, [ky, ky ky ..., К] 

Scalar Matrix : A square matrix А = [a], , „ in which 
all the diagonal elements are equal and all other 
elements are equal to zero is called a scalar matrix. 


Thus in a scalar matrix 
0, forizj 
ау ate non-zero constant), for i = j 
Unit or Identity Matrix : A square matrix A = гад x» 
in which all the diagonal elements are equal to 1 
and all other elements are equal to zero is called a 
unit or identity matrix. Thus, in a unit matrix 
0, forisj 
9, fori=j 
It is denoted by І. Often І, will denote a unit matrix 
of order mn x n. 
Upper Triangular Matrix : A square matrix 
A = [a,], «n whose elements a; = 0 for i > j is called 
a upper triangular matrix. 
Lower Triangular Matrix : A square matrix 
A= a,], x п Whose elements а, = 0 fori < j is called 
a lower triangular matrix. 
Equality of Matrices : Two matrices А = 
B = [b,] are said to be equal if 
(i) they are of same order 
(i) each element of A is equal to Corresponding 
element of B, i.e., a, 7 b, for all i and j. 


OPERATIONS ON MATRICES 


Addition of Matrices 


> IfA and B are two matrices each of same Order, say 


m * n, then addition of A and B is denoted by A + B, 
which is obtained by adding each element of B to 
the corresponding element of A. 


Properties of matrix addition 

> Commutative : lf A and B are two m x n matrices, 
then A +B = В +A. 
Associative : If A, В and С are three matrices each of 
order m x п, then (A + В) + C = A + (В + C). 
Existence of Additive identity : The null matrix O of 
order т х n is the additive identity for addition in 


the set of all т x n matrices. Here, А + O = А = O + 
A, where A is a m x п matrix. 

Existence of Additive inverse : The matrix - A is the 
additive inverse of the matrix A. Obviously ~A * 
A = O = A + (-A). Here O is a null matrix of the 
same order as that of A. 

Cancellation laws hold good in case of addition of 
matrices : Jf A, B and C are matrices of same order, then 
A+B=A+C = В = С (left cancellation law) 
andB+A=C+A = B=C(right cancellation law) 


Subtraction of Matrices 

> If A and B are two m х n matrices, then the 
subtraction of a matrix B from the matrix Ais 
denoted by A - B and is defined as A - ВЕА + (-B). 
Thus, the difference А - B is obtained by subtracting 
each element of B from the corresponding element 
of A. 


Scalar Multiplication of a Matrix 
> Let A = [а,]„ , „ be any matrix and k be any real 
or complex number called scalar. Then the matrix 
obtained by multiplying every element of A by k 
is called the scalar multiplication of A by k and is 
denoted by КА. 
If A= [a,],, , y then kA = Ak = Ha], , n 
If A = [a ] and В = [b,] be two matrices of the same 
order, say m х n, and К and Г are scalars, then 
(i) КА +В) = k(fa,] * I^) 
= Ha, * b] Ва + b) = Икар + (Eb) 
= [ка] + [К b= Ка + k[b,] = КА + kB 
6) (+) 4= (k +) la) 
= ]) + Dad = а + Па = Maj + 1a] 
«КА + ТА 
Multiplication of Matrices 


> LetA* [a and B = [b be two matrices 


туп n? хр 
such that the number of columns in А is equal to the 


number of rows in B. Then, the matrix C= [с], „ручей 


п 
that сд = У арф, = Ри + à boy +В 15 
jel 


called the product of the matrices A and B in that 
order and we write C = AB, 


In the product AB, the matrix A is called the pre- 
factor and the matrix В is called the post-factor. 


Properties of matrix multiplication 


> Associative Law; Matrix multiplication is associative 
Lc, A(BC) = (AB)C, where A, B and Care any mx n,n% p 
and p х q matrices respectively, 
Distributive Law : Multiplication of matrices is 
distributive with respect to addition of matrices ie. 


" 
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A(B + С) = AB + AC, where A, B and Care any thre 
mxn, n x pand n хр matrices respectively. 

The multiplication of matrices 15 not always 
commutative : Whenever AB = BA, the matrices Д ; 
and В аге said to commute. If AB = - BA, the matrices : 
A and B are said to anti-commute. " 

If A be any т х n matrix and О, x p be a null matrix, 


е yi 
та 20,.)+ Ои where Om x Р isa null matrix, 
Similarly, if Om x n be a null matrix and A be any 
n x p matrix, then 
(0, xn) Anxp) = Om xp d. 
In the case of matrix multiplication if AB = О, then 
it does not necessarily imply that BA = О. ; 

If A bea m x n matrix and I,, I,, denote the n-rowed © 
and m-columned unit matrices respectively, then _ 
AI, = A = LA- я 
TRANSPOSE OF A MATRIX ; 
Let A = [4], then n x m matrix obtained from А by. 
changing its rows into columns and its columns into ` 
rows is called the transpose of A and is denoted by 
A' or АТ. Des 
If A = [a], yw then A’ = [b], , ,, where b, = aj 
Properties of Transpose of the Matrices 
> (A+B) =A +B 
> (АУ = А 
> (КА) = КА, where k is any constant. 
> (AB) = B'A’, this is called reversal law f 
transpose. 


SYMMETRIC AND SKEW SYMMETRIC 
MATRICES 
> А square matrix A=[a 
ИА =A. 
A square matrix A = [2], „ „ İS said to be skew- 
symmetric if A’ = -A. А 
The diagonal elements of a skew-symmetric matrix 
are all zero, 
Note : For any square matrix A with real number. 
entries, A + A’ is a symmetric matrix and A - A’ іза 
skew symmetric matrix, E 


INVERTIBLE MATRICES 1 

If A is a square matrix of order m х m and if there exists 
another square matrix В of the same order т х m, such that 
AB = BA = I, then В is called the inverse matrix of A and 
is denoted by A", 


ЛЕ x nis Said to be symmetric 1 


Uniqueness of Inverse 

Inverse of a square matrix, if exists, is unique. 

Note : If A and В are invertible matrices of same ordet 
then (AB) = BIA, 


Er 


<) Multiple Choice Questions (MCQs) 


1 IfA- (а оо, where а = і + j, then A is 
equal to 
12 


23 
la Ola ^4 


(©) (a) Г 4 


TER 
2. ША = [ajJox2, where a, = G +22 


is equal to 
9 25 9/2 25/2 
(a) | A (b) 8 | 


18 
(©) | El à 


, then A 


9/2 15/2 
4 9 4 9 


3. А square matrix A = [aj], ха is called a 
diagonal matrix if a; = 0 for 

(a) i=j (b) i<j 

(с) i»j (d) i=j 

4. А square matrix А = [aj], ха is called a 
lower triangular matrix if aij = 0 for 

(а) i=j (b) i«j 

(с) i»j (d) None of these 

5. "Two matrices of same order are said to be 
equal if the of the two matrices are equal. 
(a) corresponding elements 

(b) diagonal elements 

(с) only non-diagonal elements 

(d) None of these 


6. If x+y 2x42 m 4 7 
х-у 2z+w 0 10 

of x, y, z and w respectively are 

(а) 2,2, 3,4 (b) 2,3,1,2 

(с) 3,3,0,1 (d) None of these 


1. It x-y 2х+2 » -1 5 
0 13 


of w is 2х-у Зг+ш 
(b) 2 


(a) 1 
(d) 4 


, then the values 


„then the value 


(c) 3 


8. Find the values of x, y, z and w respectively 
such that мы зе 3 J 
2x-y 2х+и 12 15 
(b) 7.5, 3, 8 
(d) 6,3,2.1 
2 


5 4 then find the values 


of a and b respectively. 

(а) 2.4 (b) 4,2 

(c) Both (a) and (b) (d) None of these 

10. For what values of x and y are the matrices 
Зу B= х+3 y+2 

y!-5y 0 = 

(a) 2,3 (5 3,4 () 2.2 (d) 3.3 

ll. Find the values of a, b, c and d respectively 

it 2a-b а-2Ь ЩЕ: 

5с-4 4c+3d| |11 24] 
(a) 1,3,9,8 
(с) 1,4, 8,10 


equal? 


-1 [0 1 
2 1 0 


(b) 2x 
(d) 3x 


and A? - kA - 5 I = О, then 


(b) 3 
(9) None of these 


(a) -7 (b) - 11 
(c) -2 (d) 14 

15. If AB= A and BA = B, then 
(a) B=I (b A-I 
(б) АРА (d В?=[ 


1 0 
lf д-|0 0l. then (A-D(A+D=0 
a 


-1 
(b а= 0 only 


(d) any a and b 
hat AB and БА 


а=Ь=0ошу 
(с) b=0 only 
17. ЕА isa m X n matrix sucht 
are both defined. then Bis a | 
xa matrix (b) n X m matrix 


м matrix (d) m X m matrix 


(а) 
(о л 


т 
xm 
if A= 


> 
| | then А? - БА is equal to 


(b) 3I 
(d) null matrix 


1 -3 
19. | |. 
then 
(а) д+ ВВ+ да А + (B+ Ов(4а + Б + С 
(5) A+ B= B+ 4 sand AC = ВС 
i 4+ B= B+ 4 and AB = BC 
(à AC= BC and А = BC 


20. 


(b) a unit matrix 
0 J 


(9) equal to E || 


21. If A and B are 2 x 2 matrices, then which 
of the following is true? 

(a) (A+ Бу = 42 + B +2. 

A 4-Б"-4? + Б 2. : 

i (A- BKA + B) = AF + AB- BA- В? 

(D AtB- Бу = А? – В 


22. if A-|o 1 and 
jo о 


(d) None of these 
33. HA іза square matrix such that A = A then 
{1+ AY! — ТА is equal to 
{a} A 
iQ 1 


24. И 


REVES 


151 


-$ 
(b) 11 


(d) None of these 


+ 


2 


is equal to 


45 


o 44 


27. M A and B are square matrices of same 


-4- 
order and A’ denotes the transpose of A, then 


(a) (AB) = BA 

®) (45) = AB 

(д AB=O=3/|Al=Oand |B] =0 
(8) 4B20-24-20orB-O 


| 3 
v0 


х+у+5 
(d x=0, y= 


=|4] and В=[-1 2 
3 
is equal to 
-1 


ә 


На! =]. and B=| 
0 


then find АТ BT. 


unit matrix 
(b) diagonal matrix 
(с) symmetric matrix 
(9) skew-symmetric matrix 


33. For any square matrix А, AAT is a 
(3) unit matrix 

(b) symmetric matrix 

(c) skew-symmetric matrix 

(d) diagonal matrix 


34. If A and B are symmetric matrices of the 
same order, then 

(3) ABis a symmetric matrix 

(b) A-B is a skew-symmetric matrix 

(с) АВ + BA is a symmetric matrix 


AB — BA is a symmetric matrix 
x-1l[. : 4 
дао B3 symmetric matrix, 


® 3 © 4 (д -= 


If A is a square matrix, then A— A’ за 
diagonal matrix 

skew-symmetric matrix 

symmetric matrix 

none of these 


37. Esch diagonal element of a skew-symmetric 
matrix is 

(3) zero (b) positive 

(с) non-real (d) negative 


ә 


3S. If the matrix As з3 


E! t а 
symmetric matrix, then find the values of x, y 
and t respectively, 


(а) 4.2,3 (b) 4.2. 

(с) 4,2.-1 (d) 2, 4-7 

39. Ifa matrix A is both symmetric and skew- 
symmetric, then 

(a) A is a diagonal matrix 

(b) A is a zero matrix 

(© Ais a scalar matrix 

(d) A is a square matrix 

40. If A is a symmetric matrix and n € N, then 
А за 

(а) symmetric matrix 

(b) diagonal matrix 

(c) skew-symmetric matrix 

(d) None of these 


2r 0 
хох 


41. If A= 
equals 


(э) 2 


(4) : 


ә 


() 1 


42. If AS = O, then AF + А + [= 

(a) I-A e И- Ау 

O (+ Ау ( I-A 

43. Total number of possible matrices of order 

S x 3 with each entry 2 or 0 is 

fa) 9 (b 27 (© 81 (д 512 
4 | then the values 

xto 

of x, у respectively are 

а) 51 2S ©: 3, @ 5,3 

45. If A and B are two matrices of the order 

Sx m and 3 X n, respectively, and m = m, then 

the order of matrix (54 — 23) is 

(3) mx3 (b 3х3 

(с) mxa (49) Зха 

16. 1f matrix A = {а}. where а = ^ zi di 

then A? is equal to QA inj 

(а) 1 

© О 


(A 
(à) none of these 
1 0 
47. The matrix fo ofisa 
0 0 
identity matrix 
symmetric matrix 
skew-symmetric matrix 
none of these 


30 
48. If A and B are matrices of same order, then 
(АВ — BA’) isa 
(a) skew-symmetric matrix 
(b) null matrix 
(c) symmetric matrix 
unit matrix 
For any two matrices А and В, we have 
AB = BA 
AB + BA 
АВ= О 
None of these 


eee M. . then the value of a 
5 b 2 2 
18. — . 
(а) 1 
() 3 


(b) 2 
(d) 4 
x+3y y| [4 3 
51. If тт 4| |о 4 
values of x and у. 
(a) 
(b) 
(c) 
(d) 
52. Simplify : 


, then find the 


(c) E^ 
53. If a matrix has 12 elements, then it has 
possible orders. 

(b) 6 

(d) 8 


(a) 3 
() 4 

сова -sina 
sina 
of a, A is an identity matrix? 
(a) 0? (b) 90* 
(с) 45° (d) 30° 


54. If A= » then for what value 


сово. 


55. If A= 
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0 2) then A? is equal to 
2 0 


(b) 


(a) 


(с) 2 


2 
57. If A= 


ши 


58. The additive inverse of А + В, where А and 
2 5], [-1 2 


Bare given as A= - „B= 9 


-1 -7 


@) liz 6 


ду 


1 -7 


© m6 


59. Simplify : 


cos Ө sinO — cos 


: sinê 
со50 + 510 


-зшб cos@ 


10 0.41 


(а) ка (b) A.D 


cos@ sinê 


0 1 
10 


-1 0 
(c) бич (9) 


во, uf? 29 1]_[7 11 


3 4]|2 5| |k 23 


Veniet 


E 


, then the value of 


kis } 


(а) 17 
(с) 10 


(b) 12 
(4) 5 


сы 4 Сола 


маа; 


Matrices 


=) Case Based MCQs_ У, OO т 


Case I : Read the following and answer any four 
questions from 61 to 65 given below. 

In a city there are two factories A and B. Each 
factory produces sports clothes for boys and girls. 
There are three types of clothes produced in both 
the factories, type I, II and Ш. For boys the 
number of units of types I, II and III respectively 
are 80, 70 and 65 in factory A and 85, 65 and 72 
are in factory B. For girls the number of units of 
types I, II and III respectively are 80, 75, 90 in 
factory А and 50, 55, 80 are in factory B. 


ы 


61. If P represents the matrix of number of 
units of each type produced by factory A for both 
boys and girls, then P is given by 


Boys Girls 
1[85 50 I пш 
(а) ales 55 (b) Boys[50 55 80 


i 5 65 72 
Ш|12 во Girls|85 65 72 


I I 
(c) Boys|80 75 90 


Girls} 80 70 65 


Boys Girls 
n I [80 80 


(0 то 75 
III|65 90 


62. If Q represents the matrix of number of 
units of each type produced by factory B for both 
boys and girls, then Q is given by 
Boys Girls 
I |85 50 
@) 1165 55 
ПЦ 72 80 
I Ig 
(c) Boys|80 75 
Girls] 80 70 


I 

(b) Boys[50 

Girls] 85 
Boys Girls 


1165 90 


63. The total production of sports clothes of 
each type for boys is given by the matrix 


I по wl I п om 
а) [165 120 137] (Œ) 130 165 137] 
III ш 
137] 165] 


64. The total production of sports clothes of 
each type for girls is given by the matrix 

I II IH 
(a) [130 130 170] 

I II III 
(с) [130 170 130] 
65. Let R be a 3 x 2 matrix that represent the 
total production of sports clothes of each type 
for boys and girls, then transpose of R is 


165 135 137 130 130 170 


(a) (b) W 
130 130 170 165 135 138 
130 168 


165 132 
(с) |135 130 (d) [130 135 

137 170 170 137 
Case II : Read the following and answer any 
four questions from 66 to 70 given below. 
To promote the making of toilets for women, 
an organisation tried to generate awareness 
through (i) house calls (ii) emails and (iii) 
announcements. The cost for each mode per 
attempt is given below : 


I II I п 
(c) [165 135 (d) 127 135 


ш 


1 п 
(b) [170 130 130) 


(d) none of these 


(1) %50 (ii) 220 (ш) 7 40 
The number of attempts made in the villages X, 
Ү and Z are given below : 
@ i) di) 
X 400 300 100 
Y 300 250 75 
Z 500 400 150 
Also, the chance of making of toilets corresponding 


to one attempt of given modes is 
(i) 2% (1) 4% (iii) 20% 


32 


66. The cost incurred by the organis 
village X is 

(a) X 10000 
(c) % 30000 


67. The cost incurred by the ог 
village Y is 

(a) € 25000 (b) t 18000 

(c) x 23000 (d) € 28000 En 
68. The cost incurred by the organisation 
village Z is 

(a) t 19000 (b) 3 39000 

(c) & 45000 (d) & 50000 

69. The total number of toilets ePi be 
expected after the promotion in village Pia 
(a) 20 (b) 30 (c) 40 (d) 

10. The total number of toilets that can be 
expected after the promotion in village ae 
(a) 26 (b) 36 (c) 46 (4) 5 
Case III : Read the following and answer any 
four questions from 71 to 75 given below. | 
Two farmers Shyam and Balwan Singh cultivate 
only three varieties of pulses namely Urad, 
Masoor and Mung. The sale (in ©) of these 
varieties of pulses by both the farmers in the 
month of September and October are given by 
the following matrices A and B. 


ation on 


(b) % 15000 
(d) < 20000 
ganisation on 


September sales (in 3) 
Urad Masoor Mung 
10000 20000 30000 
50000 30000 10000 


Shyam 
Balwan Singh 
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October sales (in 3) 
Urad Masoor Mung 


5000 10000 6000 | Shyam 


ebra of matrices, answer the following. 


Using alg 
uestions. | | 
q The combined sales of Masoor in September 
October, for farmer Balwan Singh, is : 
n! , 
(a) z 80000 (b) z 90000 
(©) z 40000 (d) X 135000 
C, 


72. The combined sales of Urad in Septembe 
and October, for farmer Shyam is м 
(а) < 20000 (b) x 30000 
(c) € 36000 (d) X 15000 
13. Find the decrease in sales of Mung from ; 
September to October, for the farmer Shyam. | 
(a) € 24000 (b) € 10000 
(c) Z 30000 (9) No change 
14. If both farmers receive 2% profit on grosg 
sals then compute the profit for each farmer 
and for each variety sold in October. 

Urad Masoor Mung 

100 200 220 | Shyam 


p 400 300 200 | Balwan Singh 


Urad Masoor Mung 
(b) |100 200 120 | Shyam 
400 200 200 | Balwan Singh 


Urad Masoor Mung 
(c) [150 200 220] Shyam 
400 200 280 | Balwan Singh 


Urad Masoor Mung 
(d [100 200 120)Shyam 
250 200 220 | Balwan Singh 


75. Which variety of pulses has the highest ; 
selling value in the month of September for the 2 
farmer Balwan Singh? iB 
(a) Urad 

(с) Mung 

(d) АП of these have the same price MS 
Case IV : Read the following and answer any 
four questions from 76 to 80 given below. ; 
ІА = [a;],, xn and B= [b;],, x паге two matrices 
then A + B is of order m x n and is defined 8$ 


(b) Masoor 


Matrices 


(А+ Д) = aj + bj, where i = 1, 2,.....‚ m and 
PSH 2, ооо» f 
КА = [aj], x, and B= [b], x p ге two matrices, 
then AB is of order m x p and is defined as 
(AB), = Уа, b, = Gabin + ab, + 
ral 

Consider 
a-f g- 2] _ 

34 74 38 
Using the concept of matrices, answer the 
following questions. 


76. Find the product AB. 


(0 


0 3 
22 43 


22 43 

3 0 
77. ПА and B are any other two matrices such 
that AB exists, then 
(a) BA does not exist 
(b) BA will be equal to AB 
(с) BA may or may not exist 
(9) None of these 
78. Find the values of a and c in the matrix D 
such than CD — AB = О. 
(а) а= 77, c = -191 (b) а= -191, с= 77 
(с) а= 191, с= 77 (9) а= 91, с= 70 
79. Find the values of b and d in the matrix D 
such that CD - AB = О. 
(а) 6=44,d=-110 
(с) b--110,d-44 
80. Find B * D. 


80 200 " 84 48 
@) 115 105 ) 180 181 


(b) 


(4) 


(b) b=110,d=44 
(d) 5=—44, d = 110 


186 108 -186 -108 


© |ва -48 Ga as 


Case V : Read the following and answer any four 
questions from 81 to 85 given below. 


Consider 2 families A and B. Suppose there are 
4 men, 4 women and 4 children in family A and 
2 men, 2 women and 2 children in family B. The 
recommend daily amount of calories is 2400 for 
a man, 1900 for a woman, 1800 for a children 
and 45 grams of proteins for a man, 55 grams 
for a woman and 33 grams for a child. 


81. Therequirement of calories and proteins for 


each person in matrix form can be represented 
as 

Calories Proteins 
2400 
1900 
1800 


(a) 


Calories 
1900 
2400 
1800 


Calories Proteins 
1800 
1900 


2400 


Man 
Woman 
Child 


Proteins 
2400 33 
1900 55 
1800 45 


Calories 
Man 
Woman 
Child 


Requirement of calories of family A is 
24000 (b) 24400 

15000 (d) 15800 
Requirement of proteins for family B is 
560 grams (b) 332 grams 

266 grams (d) 300 grams 


34 


84. If A апа В are two matrices such 
AB = B and ВА = A, then А? + B? equals 
(а) ЗАВ (b 2ВА 

(с) A+B (d) АВ 


that 


85. IfA= (ai) xn? 
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B= (bj), xp and C= (cj), 
uct (BOA is possible only when 
(b) n=q 
(4) m =p 


then the prod 


2) Assertion & Reasoning Based MCQs ee 


i jo 
Directions (Q.-86 to 100) : In these questions, 2 statement of Asserti 
ts and Reason is the correct exp! 
but Reason is not 


the correct answer out of the following choices : 
(a) Assertion and Reason both are correct statemen 
(b) Assertion and Reason both are correct statements 


(c) Assertion is correct statement but Reason is wrong statem 


| і t statem : 
Assertion is wrong statement but Reason is сопес! A+A) СА) + 4= О. Then, -А is the additive 


Assertion : Scalar matrix A = [a,j] 
s dnd where Ё is a scalar, is an identity 
0; ij 
matrix when № = 1. 
Reason : Every identity matrix is not а scalar 
matrix. 
зоо 
87. Assertion: |0 4 0 jis a diagonal matrix. 
007 
Reason : A = [ajj] is a square matrix such 
that ajj = 0, V i # j, then A is called diagonal 
matrix. 


1 j 
88. Assertion : в=|-% 452 3| 


matrix. 
Reason : If B= [bj] x, is a row matrix, then its 
order is 1 X n. 


is a row 
1x4 


Е ху 4 4 ш 
89. Assertion : If E < , 
2+5 x+y 04 
thenx=2,y=2,z=-5andw=4. 
Reason : Two matrices are equal, if their orders 
are same and their corresponding elements are 


equal. 


90. Assertion : Addition of matrices is an 
example of binary operation on the set of 
matrices of the same order. 

Reason : Addition of matrix is commutative. 
91. Assertion : Let Аз ад be a m X n matrix 
and O bea m X n zero matrix, then A + O = O + 
A 7 A. In other words, O is the additive identity 
for matrix addition. 

Reason : Let A = а mxn be any matrix, then we 
have another matrix as -A = [-a,],,., such that 


n is followed by à statement of Reason is given, Choose 


lanation of Assertion. 
the correct explanation of Assertion. 


ent. 
ent. 


inverse of A or negative of A. 


92. Assertion : For multiplication of two 
matrices А and B, the number of columns in A _ 


should be less than the number of rows in B. 


Reason : For getting the elements of the product 
matrix, we take rows of A and columns of B, - 


multiply them elementwise and take the sum, 
23 1 0 


1 4[ 
(А + В)? = А? + В? + 2 AB. 
Reason : For the matrices A and B given 
assertion, AB = BA. 


93. Assertion : A= B= о il then ag 


1 -2 2 
1 

94. Assertion : If A= 3 -2 1 

-2 -2 
А (AT) =I 
Reason : For any square matrix A, (AT = : 
95. For any square matrix À with real number 
entries, consider the following statements. 
Assertion : А + A’ is a symmetric matrix. 
Reason : А – А is a skew-symmetric matrix. 


matrix consisting 27 elements is 4. 
Reason : The number of ways of expressing 27 as 
a product of two positive integers is 4. 


1 
97. Assertion : The matrix | 0 
0 


diagonal matrix. £ 
Reason : A = (aj) m xm is a square matrix such 


that entry aj = 0 V i, j , then A is called diagonal $ 


matrix, 


Matrices 


0 a b 
98. Assertion: The matrix A-|-a 0 clis 


. | -b -с 0 
a skew-symmetric matrix. 


Reason : A square matrix A = (а) of order т is 
said to be skew-symmetric if AT = — A. 


L0 =0. th 
-2 3 „_|=0. then 


value of x is either - 3 or 5. 


99. Assertion : If [x 1] 


35 


x у\„{а ») 
аге 


Reason : Two matrices ( 
“uu 


ed 
equal if and only if their corresponding entries 
are equal. 


100. Assertion : Let я, f 9. ak 
0 ~ 0 

then (A + В) (А— В) equals A? — B?. 

Reason : AB = ВА. 


P^ ANSWERS ЧӨ 


1. (b): Here, п =1+1=2,а41;=1+2=3, 
4, =2+1=3anday,=2+2=4 


Hence, А = ша 


_(1+2x1)?_9 


_(1+2x2)? 25 
EU а= TS 


2 2 
m (2+2x2)* =18 
2 
9/2 25/2 
8 18 


3. (d): A = [aj], xn is a diagonal matrix iff all non- 
diagonal entries are 0 i.e., aj = 0 foris j. 

4. (b:A- la]; x is a lower triangular matrix iff all 
entries above the diagonal vanish, i.e, a, =0 for i <j 

5. 


So, the required matrix A = | 


(а): Since x+y 2х+г _|4 7 


x-y 2z«w| |0 10 
=> х+у=4.(,х-у=0 (ii), 2x*:27 
апа 22+0510 ..(iv) 
On solving these equations, we get 
x=2,y=2,z=3andw=4 


...(iii) 


7. (9): Since, ск ром < 
2х-у Зг2+ш 
= x-y--l.() 2х-у=0 ...(), 
and 32 + ш = 13 ..(iv) 
On solving these equations, we get 
х=1,у= 2,2 = Запіш=4 
8. (а) 


-1 5 
0 13 


2х+:2=5 „(Ш) 


a+b 2 6 2 
5 ab| |5 8 
= atb=6 and ab=8 
adf? -6 
а 
= d -64+8=0 = (а-2) (а-4) =0 = ан2,4 
Hence, a =2, b= 4 or a=4,b=2 


9. (с) : Since, 


(ab = 8 =b =8/a) 


10. (c) : Since the corresponding elements of two equal 
matrices are equal, therefore 

A=B = 2+1=x+3> 2722 

3y=y +2=>y -3y+2=0 = y-12 
and у -5y=-6 >y- 5y+6=0>y=23 
Since, Зу = у + 2 and y? - 5y = - 6 must hold good 
simultaneously so, we take the common solution of 
these two equations. Therefore y = 2. 
Hence, A = Bifx=2, y=2 
2a+b a-2b 4 -3 
5c-d 4с+3а| |11 24 


л 2atb-i.()a-25-2-3 (ii), 5c-d- 11 (ш) 
and 4c + 34 2 24 (iv) 


On solving (i) and (ii), we get a = 1, b = 2 
On solving (iii) and (iv), wegetc 23,424 


1l. (b):Since, 


12 (d): Whena3 x 2 matrix is post multiplied by a2 x 3 
matrix, then the product is a 3 x 3 matrix. 
13. (a): Given A - ХА - 51 = О 
= kA-A!-sI 
13 


КА = 
3 4 


1 
(0: x | 2 
15 


7+2х 
12+х 
21+2x 
= 7 + 2х + 12 + xà + 21 42x 50 
= xt+lox+28=0>x=-2,-14 
15. (с): A= AB = A(BA) = (АВ)А = А-А = A? 
В = BA = В(АВ) = (BA)B = В.В = B? 


> Дх 1] 


теѓоге number of columns 
has x rows. Since BA 


number of rows in А 


ws, commutative 
are satisfied by all 


| 


А is a null matrix. 
íc) : Given that, А and B are 2 х 2 matrices. 
BP) х {А + Б) = Ax AS Ax E-B* A-Bx* B 
A + AB-EA- Е? 
22. (a): We have, 


Now, AB = І, (Given) 
1 0 x+y 
0 17 A= 
00 1 

23. (с): We have, A? = A 

Now, (1 + AY - 7A = P + A? + ЗА + 3AÉ - 7A 
= + ATA + ЗА + ЗАГ-7А =1+ AA + ЗА + ЗА - 7A 

{Using (i)} 

=[+A?-A=I1+A-A [Using (i)) 
=1 

24. (а): Given, Дх) = (1 + x) (1 - x) =1 - „2 


= ДА) +1-А? (Put x = A) 
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Е 21+4+10 
1274845 


(Mee 


s 
deni 


r #3 10 
= (АВ) = 2 7 | 
27. (а): (АВ) = B'A’ is true. This result is a stand rd 
result called “reversal law of transposes. 


р] 


28. (c): We have, A= y 


ox 
| 


у 0 


1 
29. (a):(AB)=|-4|[-1 2 l= 


31. (c): 47 =|-1 0 

2 з 0 
So,AT=-A=A=-AT 
Hence, А + 2AT - АТ + 2АТ = AT 
01 


1 0 
Hence, A is a symmetric matrix. 


32. (с): A’ = A 


ni i Soi di ab ad, 


Matrices 


33. (b): We have, (AAT)! = (AT)'AT = AAT 
5 AAT is a symmetric matrix. 
34. (с): (AB + BA)" = (AB)! + (BA)? 
= ВТАТ + ATB! = BA + AB = АВ + BA 
(СА? = A and Bî = B) 
Hence, AB * BA is a symmetric matrix. 
35. (с): A is a symmetric matrix = АТ = A 
3 2x43]. | 3. x-1 
> а M d2x43 a 
=> x-122x*3-2x--4 
36. (b): As(A- A = A' - (A)! = A'- A» -(A- A5, 
therefore, A - A’ is a skew-symmetric matrix. 
37. (a) 
38. (b): A is a symmetric matrix ~. А = AT 
52 x 5 у 4 
э у 2 -8|=|2 2 
4 t -7 x -3 -7 
On comparing, we get 
y=2,x=4,t=-3 
39. (b): A is a symmetric matrix 
л AT=A 
A is also a skew-symmetric matrix 
л AT=-A 
From (i) and (ii), we get 
A=-A > A=O 
Hence, A is zero matrix. 
40. (a): Since, A is a symmetric matrix = A’ = А 
Now, (A"y' = (A)" = A" 
Therefore, A” is a symmetric matrix. 
41. (d: A [ | A? -| 1 | 
baer -1 2 
We know that, AA" = I 


2х 010 [10 
" x x{[-1 2| от 
2x 0 |1 0 
> [о | lo 1 
On comparing, we get 2x =1 => х = 


42. (b): 1- A? = 1=› (I-A) (1+ А + A) #1 
n 1+А+ А? =(1- Ау. 
43. (d): Required number of matrices = 2? = 512 
ү? wy: [2 MH Ва 
5х-7 4x y х+6 
On comparing, we get 
ха х+б- ха 2апі2х+у=7 = уз7-4+3 


37 
45. (d): A is of order 3 x m and В is of order 3 х n and 
т=п 


So, 5А - 28 is of order 3 х mor3xn 
46. (a) £ a, = 0, 21: = 1, ay, 71,25, =0 


47. (b):Let A=|0 2 0 

ооо 
- Ais a symmetric matrix. 
48. (а): (AB' - BAY = (AB ^Y - (BAY 
= (BJA - (AYB = BA’ - AB’ = -(AB' - BA’) 
Hence, (AB’ - ВА”) is a skew symmetric matrix. 
49. (d) 


50. (d):Given, | 


a+b 2 
> = 
5 b 
On comparing corresponding elements of the matrices, 
we geta+b=6andb=2 — a=4 


SL (9:Give | * 9 PIA -1 

7-х 4 0 4 
= y=-land 7-1=0>x=7,y=-1 
52 (b): Given, 


-tanOsecO -sec?@ 


-зес?Ө tan@secd 


+ 


ps tan? °] 
бап? Ө -1апб5есб 


Ва 


53. (b): All possible orders of 12 elements are 
1x12,12x1,2x6,6x2,3x441x3ie,6 


54. (а): A= p 
if, sina 


cosa -sina] |1 0 
sina cosa] |0 1 


^ соѕа=1 and sina=0 => a-0. 


-sinal |  , . | 
‚ Ais an identity matrix 
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number of units of 


tw 


€ QV 
O < 
LÀ 


[ ре the matrix that represent the number | 


+ ре produced by factory A for 


In 
» be n 
سسا‎ Mo ا‎ 


х= Х + Ү = [80 70 65] + [85 6 
= [165 135 137] 
equired matrix = [50 75 90] + [50 55 80] 
= [130 130 170] 
3. "sa — (a): Gearly, R= P+ Q 
2% a | e testae nei E. — | E 
70 : 135 


cos 


i ‘ (а): Re 
5 е СА + ВЕ 
S& (4):1е4 C [2 | 


59. (a): We have, 


cos sing ; в ps 65 137 
= + вл A 
con? го: „оди cos8 sind үө е5 


| cos ө 120 130 


sinê cos6 | sin'8 
-sinBcosÓ cos 8 


А R' = 
-sin& ж 
518 сов8 


sin’ 8 
| сов? 0+ sinî 6 sin Öcosê- sin cos 


—sin cos Û +009 sin 9 


| organisation for villages X, Ү and Z respectively. Then 


cos! Û + sin’ Û 

400 200 100 

NL ‘| 300 250 75 
91 500 400 


Gis 1231 17 11 
60. (a) : Civen, 4 4l2 5 "I, 23 
500 x 50 + 400 x 20 + 150 x 40 


as 1+2. |, a 

3-344:2 R4 k 23 20000 + 6000 + 4000] [20000 
| 7 ME M 50517 = |15000 + 5000 + 3000 | = |23000 
17 23) {k 23 25000 + 8000+ 6000| |39000 
61. (4) : In factory A, number of units of types J, И 67. (9 68. (b) 


and Ш for boys are #0, 70, 65 respectively and for 1 
girls number of units of types 1, I and Ш аге #0, 75,90 69. (c) : Total number of toilets that can be expected 
cach village is given by the following matrix 


respectively. 


400 x 50 + 300 x 20 +100 x 40 
300 x 50 + 250 x 20 75 x 40 


= 


66. (cj): Let? А, ? Band 2 C be the cost incurred by the - 


-Y|6-10-15|-Y|31 

Z|10-16-30| 2156 
70. (d) 
7L (c): Combined sales (in Y) in September and 
October for each farmer in each variety is given by 
Стад Masoor Mung 
15000 30000 36000] Shyam 
70000 40000 ed Balwan Singh 
Combined sales of Masoor in September and October 
for farmer Balwan Singh = € 40000 


72. (4): Combined sales of Urad in September and 
October for farmer Shyam = € 15000 


73. (а) : Change in sales from September to October is 
given by 


л+в-| 


Urad Маѕоог Mung 
A-B- 5000 10000 24000] Shyam 
130000 20000 0 | Balwan Singh 


- Decrease in sales of Mung from September to 
October for farmer Shyam = € 24000. 
74. (b): Required profit is given by 
> of B= E x B = 002 x B 
100 
Urad Masoor Mung 
-0.02 5000 10000 6000 | Shyam 
` 120000 10000 10000| Balwan Singh 


Urad  Masoor Mung 
_ [100 200 120 | Shyam 
[400 200 200] Balwan Singh 


Thus, in October Shyam receives < 100, 200 and 
+ 120 as profit in the sale of each variety of pulses, 
respectively and Balwan Singh receives a profit of 
7 400, < 200 and 200 in the sale of each variety of pulses 
respectively. 

75. (a) 


2 -11[5 2 

76. ө: 4n- |: E 4 

10-7 4-4] [3 0 

need ss 4 
77. (с) 

78. (b): We have, CD - AB = O 


salle اله‎ аро 


ing (1) and (п). we get a = -191,с 
€) : Solving (1i) and (г), we get $ = -110,4= H 


з 2] [-191 -110 
s0. (D: Weave, верт 2 | 191 » 


 [-185 -108 А T 
De 43 
SL (a): Let F be the matrix representing the number of 


family members and K be the matrix representing the 
requirement of calories and proteins for each person 


82. (b): The requirement of calories and protems for 
each of the two families is given by the product matrix 
FR. 
2400 45 
$44 
mp ۾‎ ilm s 


2:292 
1800 33 
[402400 +1900 + 1800) 445+55-33) 
[202400 +1900 + 1800) 2)45 + 55+ 33) 
Calories Proteins 
рв [2599 532] Family A 
[12200 266| Family В 
83. (c) 
84. (с): білсе, AB - B ..(i and BA=A —(i) 
л A+B =AA+BB 
= A(BA) + В(АВ) 
= (АВ)А + (ВА)В 
= BA + AB 
ЕА + В 
85. (a): A = (а), ne B= (b), C= (c), 
ВС = (b), a p * (jp х= 0), «д 


[using (i) and (ii)] 
[Associative law] 
[using (i) and (ii)] 


40 


2 (BOA = (åy) „ах (ala уа 
Hence, (BC)A is possible only when m = 4 
k. i=j 


: P is an 
86. (с) : А scalar matrix А = [4,] = 0. isi 


identity matrix when К = 1. But every identity matrix 15 
clearly a scalar matrix. 
7. а) : If A = [a,], „ „ is a square matrix шен к 
a, = 0 for i ¥ j; then A is called diagonal matrix. 10% 
300 
the given statement is true and A=|0 4 0 is a 
diagonal matrix. 00 7 


s-[-5 3| 


B = [b,],~,, is à row matrix of order 1 x n. 


xy 4 |. 4 и 

89. (а): zas zey) 0 
On equating the corresponding elements, we get 

m=4,w=4,2+5=Oandrt+y=4 _ 
Оп solving these equations, we get x = 2, y = 2,2 ==) and 
w = 4. Also, the two matrices are equal, if their orders 
are same and their corresponding elements are equal. 
90. (b): Addition of matrices is an example of binary 
operation on the set of matrices of the same order 
And Reason is true but not a correct explanation of 
Assertion. 
91. (b) 
92. (d): For multiplication of two matrices A and B, the 
number of columns in A should be equal to the number 
of rows in B. Furthermore, for getting the elements of 
the product matrix, we take rows of A and columns of 
B, multiply them elementwise and take the sum. 


1 0 
за апа В= 1 
14 


01 
AB=AI=A and BA=IA=A 
= AB=BA 
Consequently, (А + В)? = (A + B)(A + B) 
= A(A + В) + B(A + В) = A? + AB + BA + B? 
= A? + AB + AB + В? = A? + 2AB + В? 


93. (a): A= 


-2 
-2 
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95. (b): Let 
в'=(А*А 
R=? 


ВЕА + A’, then 
А (А) ЗА ASAFA 
д +А ва symmetric matrix. 


= 3 
96. 9:27 -3 x 27 as a prod s 
Number of ways to express Product of two Р 


d possible 
E 1. 27х1.3х9,9х3 


аге 1х 27. | 
- Assertion is true but Reason is false. 


97. (d): The given matrix having order 3 x 4. 25 
ü Given matrix is not a square matrix. Diagonal exis. 


only in the square matrix. 
^ Assertion is false. 


On the other side, Reason satisfies the condition of diagonal 
„ 
matrix. | A 
Assertion is false but Reason 15 true. 
0 a b 0 
T 
98 (а): A= -a 0 cj. A ща 0 -с 
-b -c 0 b 
= АТ=-А $ 
Assertion and Reason both are true and Reason i 


-a -b- 


Ў 
1 


correct explanation of Assertion. 
1 0| |х 


99. (b) : Given [x 1] -9 3| 15“ 0 


= [(x-2) 3] MED 


correct explanation of Assertion. 
i 0 
i 
0 -i\(i 0 
-i 0)\0 i 
= АВ = ВА .:. Reason is true. 
Now (A + B) (A - B) = A?- AB+ BA 


100.(a): AB= 


BA= 
10 


сее 


en 


do Lorem Мр pate 


Determinants 


Recap Notes 


INTRODUCTION 


> A determinant is a compact form showing a set 
of numbers arranged in rows and columns, in 
which the number of rows and columns are 
same. Determinants have wide applications in 
Engineering, Science, Economics, Social Science etc. 


DETERMINANT 


> Forevery square matrix A = (а ах we can associate 
a number (real or complex) called determinant of 
the square matrix A. It is denoted by |A| or A or 
det (A). 
Let A = [a] be the matrix of order 1, then determinant 
of А is defined to be equal to a. 


a 
Let А=| И 
E 
the determinant of A is defined as: 


а? 


a | be a matrix of order 2 x 2, then 
22 


1 2 


>< 
ЯК ay, 


det (A) = |A] = A= = аа, ¬ 3,2), 
Determinant of a matrix of order three can be 
determined by expressing it in terms of second 
order determinants. This is known as expansion of 
determinant along a row (or a column). 
Consider the determinant of square matrix 
A= [aj]; x3 


а 4» Яв 


ie, |А|=[а›| а 
. dy dy 


LA| = a (05, ¬ ауаз) та (ад ¬ ауа,,) 


2 


а 


За аа 7 45,43) 
AREA OF A TRIANGLE 


> Area of a triangle whose vertices are (x, yj), 


(Xy J) and (x, у,) is given by the absolute value 
of expression 


1 а 

-[ж@:-—7з)+хлу(уз -эу*хууу-у)]=- 2 

x Um 

Points to Remember 

> Triangle area is a positive quantity, we always take 
the absolute value of the determinant. 

> If area is given, use both positive and negative 
values of the determinant for calculation. 

> The area of the triangle formed by three collinear 


points is Zero. 
MINORS AND COFACTORS 
Minor of an Element 


The minor M, of an element a, of a square matrix A is 
the determinant of the matrix that remains after deleting 
the i? row and }® column in the given matrix А. 


Cofactor of an Element 


Cofactor of an element а,, denoted by c, is defined by 
с = (1) “7 М. where M, is minor of а 


ADJOINT AND INVERSE OF A MATRIX 
Adjoint of Matrix 
Let A = СИ! be а square matrix and e be the cofactor 
ofa, 
Then, adj(A) = BY, where B = [c,] 

ES Relation between adj (А) and matrix A 

A(adj A) = (adj А) A = [ALL T is (n x n) unit 

matrix, = PO за 


СРР | 


Singular апа Non-singular Matrix 

The n-rowed square matrix A is called non-singular if 
|A| #0 and singular if |A| = 0. 

Inverse of a Matrix 

ША be a non-singular square matrix, then inverse of A 


is defined as A" = TT (adj), |A]#0. 
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e order n. ША is a nOn-sing 


n- 

i sam 
Cancellation Laws : Let A, B, C be square matrices of the 

on Laws : Let A, В, 
matrix, then Р 
G) AB = АС=> В = С (Left cancellation ~ : 
1 aw MG. + ў 

[РАСА oes зара nb matrices of the same order, then AB is шуен nd 
Reversal Law : If A and B are in 
(AB)! - Ba’ 
If A is a square matrix of order п, a , | 
If A and В аге non-singular matrices of the same ог pr та: : EUR = 
matrices of the same order. -< equal to the product of their respective determinants Е gin -A 
The determinant of the product of matrices 15 eq uel ЧЕ Не : j 
ie, [AB| = |A] [B]: ; 224 


~ Practice Time e с 


2) Multiple Choice Questions (MCQs) 


nl 
рта |А ще. 
then Jadj A] = JAI then AB and ВА are also non-singular) 


-8, then find the 


value of x, 
(a) 2 (b) -2 0 sina 
(с) 1 (d) -1 8. The value of А « -sina 0 sinf | ia 
2. What positive value of x makes the following -sinf с | 

pair of determinants equal ? 


~ COR Li 
APPLICATION OF DETERMINANTS AND MATRICES 


, trix 
Solution of System of Linear Equation AX = B Using Inverse of a Мат 


J he [А1 #0 | cower 
я = AB, where . 
Unique Solution : Unique solution of equation AX = B is given by X= A7 В, м 


(a) 0 (5) 1 


2x 3 16 3 


1 
5 x5 2 


(c) 2 ul 3 


(a) 1 


Ф) 2 9. For what value of x, matrix А = | 


(c) 2 (d) 4 


А 1 
3. Evaluate the following determinant + (с 1 
к -7 | ) 


E 5х+1 


(а) 222+ 4 
(c) 35+ 422 


fb) xox + 8) 
(d) x(Zx + 4) (a) 
1--2* 8 (c) 
4. Ifthe matrix A=|1 2 1 
then find х. 


1% singular, 


(a) 1 
ега M 0 
(с) -2 2 determinant D 
„ 
5. А matrix A of order 3 х 3 
5. What is the value of | 2A | 
(a) 125 (b) 45 
(с) 25 (d) 5 


has determinant ofa, frr 
ә 


(а) 110 


(1527 (05x)? път! 


6. И fa)- Пел)? {1s ray 
ие xj! (15 39 (lex)? 
+ Bx + Cx! +, then 
fa) А=0 
б) C=0 
2-х 3 
2 А |„ 1 -1 


x 1 -5 


(b B=1 


(d) D=1 13. Evaluate the 


4 x --! 
2 is a singular matrix, 1 г. 10 
(а) 52? + 4 


then x is equal to (c) xix — 15) 


is a singular matrix? 


zz0.ex*2»9*270 have ги 


(5) Z 


(4) -2 


10. If the equatwns az + 4y + ак Û, bx e Ду + 


tte trivia) элїї, 


then find the value of a - 25 + с 


fh) -4 


(d) 0 


M. Ufc, is the cofactor of the element a 4 A the 


2 -3 


g 


DI 
4). then write tbe value 
3 
эў 


(b) xix + 15) 
(d) x(15 — xj 


1 1 
2 3 0 
is 2 10 
3 
-12 


14. The inverse of the matrix A= 


(d) does not emst 


8 9 


15. Find the cofactor of the element of third row 
and second column of the following determinant 
у+2 
zx. 
х+ y 
(5 у-х 
(d) 2-x 
16. Using determinants, find the area (їп 54. 
units) of triangle with vertices (-3. 5). (3, -6) 
and (7, 2). 
(a) 24 (b) 48 
(с) 32 (d) 46 
17. The value of the determinant of a matrix А 
of order 3 x 3 is 4. Find the value of [5A]. 
(a) 100 (b) 200 
(c) 500 (d) 600 
2 3 
Е 


‚ then adj А is equal to 
5 -2 


18. 
fb) 
5 3 (d) 


2 -2 2 


Find the values of x for which P 
x 


2/2 Ф) -242 
3 (d) both (а) and (b) 


„ер A^ exists only if 


(b) #2 
(d) i * -8/5 
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costa +B) -sinta + В) tog 
sina 


га ме of 
21. The -cosa 


is „pendent of 
is indey w) В 
(d) None of these 
3 7 13 
-5 0 01 
0 11 - 
# (b) -78 
©) 185 (у etn 2 
Find the cofactor of each element of the first 
2 5 -1 
column of matrix A = -3 0 
1 1 -1 
(a) -1,4, 5 (b) 4, 5, -1 
(d 464 (d) -4,-5, 1 1 
24. Find the value of x for which the matrix | 
3-x 2 2 
4-x 1 
4 -1-x 
(b) 1,3 
(d) 3, 2 
sin 15° 
cos75° 


(b) 1 
(d) 3 


(a) а 
(с) о. В 


22. The value of A= 


Si E aL A S tes um 


23. 


за? 


is singular. 


(a) 0,1 
(c) 0,3 
cos 15° 


25. Evaluate : sin 75° 


(b) 14 
(d) 12 
27. If A is a square matrix of order 3 and 
1241 =k{A}, then find the value of А, 
(a) 2 (b) 22 
(c) 2? (d) 2° 


28. If A=|2 
4 
element ay,. 

(a) 7 

(с) 4 


(b) -7 
(d) 8 


1, then write the minor of the 
1 d 1 


Determinants 


29. И the aystem of equations t + ky = z= 0, 


Зл ky = 2 = Û and z ~ 3y + 2 = O haa non-zero 
solution, then А is equal to 


(а) (b û 
(с) (d) 2 


30. ‚ find the value of 1A! — 241. 


(a) (b) 20 
(c) (d) 40 


31. The area of a triangle with vertices (~3, 0), 


(3, 0) and (0, А) is 9 sq. unita. The value of k will 
be 


(a) 9 (b) 3 
(c) -9 (d) 6 
cosa -зпа 0 
32. If A=|sina cosa  O|,thenfind (adj AJ’. 
0 0 1 


A (b) -A 
A’ (d) None of these 


la b+c] 
The value of A= 1 b 


3. uf 


(b) 
(d) 
в - 


1 3 then 


(a) (b) «3 
(c) (d) +4 
la-b 
35. Find the value of A= Ib-e 
= 
(a) 0 (b) 1 
(c) 2 (d) 3 
36. If Ais any square matrix of order 3 х 3 such 
that [АІ = 3, then the value of [adj Al is 
(a) 3 (b) v3 
(с) 9 (d) 27 


lim men nell 


37. ПАЗ | n 1 m 

2 2 | 
(a) -I*m*n*0 
(с) Ч-т-п=0 


, then 


(b !+т-п=0 
(d) 4*0 


ghi 
t-e 


Ж ы |] 
3a. it f 9 
gee 9 


tb} fib) =0 

(d) Хр то 

39. If A and B are invertible matnees, then 
which of the following is not correct” 

(a) ad A= 1А! 47! 

(bi ty! = {decay 

(с) (АВу! = В! a! 

(dy (А + Ву! = Fi 


40. Evaluate the determinant 


rthen 


fa) Да) 
fc) AO) -= 


[a+b cid 
merid a-i 
(а + br 


(a* + b* — c3 а) 


(b) (a* bec dY 

ی + شی + ن + (d) а?‏ 

If x is a complex root of the equation 

ll x x R-s E 1 
iz x Ut. 

then x79? + y- 27 5 

(a) 1 

(с) -2 


(b) ~E 
(d) 2 
44. Find the area of the triangle with vertices 
PU, 5), QU. -2) and В(-6, 2). 

(a) 21 sq. units (b) 35 sq. units 

(d) 40 sq. unita 

43. The points (а, b + c), (b, с + а) and (x, a + 
b) are collinear, if x = 
(а) а 

(с) с 

16. И the points (ау, bj), (ay, ba) and (a, + dy, 
b, + b.) аге collinear, then 

(a) a,b, = a,b, tb) a, + a, 
ic) a,b, ,مره‎ - (d) a, + b, 


(с) 30 sq. чпиз 


(by b 
(d) -a 


b, + b, 
a; t b; 


46 


47. If the points (2, -3), (k, — 1) and (0, 4) аге 


collinear, then find the value of 4k. 
(a) 4 (b) 7/140 
(c) 47 (d) 40/7 | 
48. Find the area of the triangle whose vertices 
are (-2, 6), (3, - 6) and (1, 5). | 
(a) 30 sq. units (b) 35 за. units 
(c) 40 sq. units (d) 15.5 sq. units 
49. Using determinants, find the equation of 
the line joining the points (1, 2) and (3, 6). 
(a) y=2x (b) x= Зу 
(с) у<х (d 4х-у=5 
50. Find the minor of a5; of the matrix 
16 1 


5 3 0| 
2 2 9 
(a) 5 (b) 6 


(с) 7 (4) 8 
51. Find the cofactors of elements d,5, 027, 432 
1 вт 1 
respectively of the matrix | -вїпӨ 1 sin@}- 
-1 -sinOd 1 
(b) 2, 0, 280 
(d) -2sin0, 2, 0 


(a) 0, 2, —2sin0 
(c) 2,0, -2sinO 
3 1 
-1 2 


12 -1 1 
- b) = 
111 3 ONG 


52. If A= , then find АЛ. 


(a) 


(c) (d) 


53. IfA= 


A(adjA) = 
(b) 21 
(d) 41 


and АБАТ, then x= 


(b) 4 
(4) 1 
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. Matrix A = 
55 A47 


Ago + 433 Азз із 
н : (d) -13 
Дъна 


56. Ifthe inverse of the matrix 


not exist, then the value of a is 
(a) 1 (b) -1 
(с) 0 (d) -2 


10 0 
0 10 


(a) 100 
(с) 10 


- , then [4] is 
(b) - 100 
(d) - 10 


0 
5 


1 
58. If A= 1 
2 


1 
is equal to 

(a) 1 

(c) -1 


59. ПА 


(а) 


(с) 


г 12 
60. If matrix A= 45 


, then а, Ay, + ар А од, | 


such that AX = 1, then 
x= 46 


Аа pel رکد‎ RIS as SA Pe 


Determinants 


Case Based MCQs 


Case I: Read the following and answer any four 
questions from 61 to 65 given below. 

A company produces three products every day. 
Their production on certain day is 45 tons. It 
is found that the production of third product 
exceeds the production of first product by 8 
tons while the total production of first and 


third product is twice the production of second 
product. 


answer the following questions. 


61. If x, y and z respectively denotes the 
quantity (in tons) of first, second and third 
product produced, then which of the following 
is true? 

(a) х+у+2= 45 
(с) х- 2у+2= 0 


1 1)! 


(b) x+8=2 
(d) All of these 


22 2 
=-|3 0 -3 |, then the 


1 


inverse of |1 0 -1 
1-2 1 


о ее 


Dlr cole tol 


o юк |, 


(4) none of these 


Cle wle wje Mle кожа wile 


wb 
oe сИ, ан ol i| دات‎ 


63. х: у: zis equal to 
12:13:20 (b) 11:15:19 
15:19:11 (d) 18:12:20 
Which of the following is not true? 
[Al = ТА: 
(AY = (AY 
If A is skew-symmetric matrix of odd order, 
then |A| 2 0 
(АВ = |A| + |B 


Which of the following is not true in the 
given determinant of A, where A = фа Дака? 

(a) Order of minor is less than order of the 
det (A). 

(b) Minor of an element can never be equal to 
cofactor of the same element. 

(c) Value of a determinant is obtained by 
multiplying elements of a row or column 
by corresponding cofactors. 

(d) Order of minors and cofactors of same 
elements of A is same. 


Case II : Read the following and answer any 
four questions from 66 to 70 given below. 

Two schools A and B want to award their 
selected students on the values of Honesty, Hard 
work and Punctuality, The school A wants to 
award 3 x each, € y each and € г each for the 
three respective values to its 3, 2 and 1 students 
respectively with a total award money of 2200. 
School B wants to spend # 3100 to award its 
4, 1 and 3 students on the respective values 
(by giving the same award money to the three 
values as school A). The total amount of award 
for one prize on each value is € 1200. 


Using the concept of matrices and determinants, 
answer the following questions. 

66. What is the award money for Honesty? 
(a) * 350 (b) 2 300 

(с) 1500 (d) 7 400 


^. 
72. What is the со (b) 12 e М 
(4) 75 


^x Е ‹ " 
> 200 ya 


hat 3 


па: 


Нага 


-ping in mind the social condition, 
(ci 390 ( я e topkeeper is better? | 
ahi (b) Vijay 
(d) None of these 
z in mind the environment} 
hie shopkeeper is better? 
(b) Vijay 
(d) None of these 


А „ус and skew- 
69. If a matrix P is both symmetric and sk 


evrametric. then 


question 


шаси ie up of 25 smaller equila 


in the figure. 


carry begs respectively. 


he abo 
s, 


t 
nt 


area of such triangle is 


УЗ sq. units (b) 243 sq. units 


x5 sg. units (d) none of these 


- The area of a face of the Pyramid is 
2545 $q. units (b) 503 sq. units 


(d) 3543 sq. units 
The length of a altitude of a smaller 
equilateral triangle is ; 

(b) 22 р (а) 2 units 
(d) 75 


Using the concept of matrices and determinants, 


: : 7545 sq. units 
answer the following questions 

71. What is the cost of one polythene bag? 
(a) #1 (b) 3 units 
(c) #3 


(с) 43 units (d) 4 units 


triangular face of the Pyramid of Peace ig _ 


answer the following questions. | 
- Ifthe vertices of one of the smaller equilateral i 
riangle are (0, 0), (3, V3) and (3, - V3), then the | 


Deter TTS 


79. И (2. 4), (2.6) are two vertices of a smaller 
equilateral triangle, then the third vertex will 
lie on the line represented by 


(а) х+у= 5 fb) х=1+43 
(с) x-22445 (d) 2x*y-5 
80. Let А(а, 0), E(0, b) and C(1, 1) be three 


points. If "m 1, then the three points are 
a 

(a) vertices of an equilateral triangle 

(b) vertices of a right angled triangle 

(c) collinear 

(d) vertices of an isosceles triangle 


Case V : Read the following and answer any four 
questions from 81 to 85 given below. 
Minor of an element а, of а determinant is the 


determinant obtained by deleting its FF row 
and ЛЕ column in which element а; lies and is 
denoted by M... 


Cofactor of an element а; denoted by Ag. 15 


defined by A; = C1) *7 M... where М is minor 
of aj. f i then find the valne of [3L 
81. Find the sum of the cofactors of all the 

jl -2 (a) 


elements of нз [ (с) 


2 Assertion & Reasoning Based MCQs 


Directions (Q.-86 to 100) : in these questions, a statement of Assermon 
the correct answer out of the fi lowing choices - 


(а) Assertion and Reason both are correct statements and Reason is tna correct expianason of Asserson. 


б) Assertion and Reason both are correct statements Ма Reason is not fne correct explanation of Assertion 
(c) Assertion is correct statement but Reason 5 wrong statement 


(d) Assertion is wrong statement but Reason IS correct statement. 


86. Assertion : Па, b, c are even natural M 0 atx 
numbers, then and C-|2 3 5.y|. 


la-1 а a+ 3 1 čez 
[5-1 [4 b+hisan even natural number, 


A= 
\с-1 с cl 


Assertion : det 4 + det B= det C. 
Reason: А + В+ С. 


i 
Reason : Sum and product of two even natural 
numbers is also an even natural number. 
1 ба 10 x 
87. Let A=| 2 3 b|, B-|2 3 y 
3 le -3 1 ج‎ 


88. Assertion : lf 4 is skew-symmetric of order 
3. then its determinant should be zero. 


Reason : Lf A is square matrix. then det A = det A‘ 
= deti-A’), 


89. Let Abe a 2 x 2 matrix. 


50 
Assertion : adj(adj A) = А. 
Reason: |adj Al = |Al. 
100 
If A=|0 m 0f 
00 n 


90. Assertion : 


17 о 0 
0 lm 0 
0 0 1л 
Reason : The inverse of a diagonal matrix is à 
diagonal matrix. 
91. Assertion : The determinant of 
123 
567 
246 
Reason : The determinant of a matrix vanishes 
if any two rows or columns are proportional. 
92. Assertion : The inverse of the matrix 
13 5 
2 6 10 доез not exist. 
98 7 


А = 


is zero. 


A= 


Reason : The matrix 10 | is singular. 


4 

93. Assertion : If A= 4 |, then adj 
(adj A) = A. : 
Reason: | adj(adj A)| = | A 
non singular matrix 
94. Assertion : f(8) = 
cos(8«) со5(0+7)| 
| іп(Ө+о0) sin(6+B) sin(0-) 

|sin(B-y) sin(y-a) sin(a-f) 
is independent of 0. 


2 
[^7 ,, Aben rowed 


|cos(0+ a) 
| 
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Reason: 1/0) = 
on: The inverse of А = 


c, then /(0) is independent ofp. 


34 
95. Asserti 


not exist. 


Reason : , | Е 
96 Assertion : The inverse of the matrix 


4 2 3 
5 2 | certainly exists. 
12 4 5 
son : The matrix А is non-singular a 
Rea ingular matrix possesses its inverse 


every non-s! : К 
97. Assertion : The determinant of a matrix М 


0 1 2 
A= 0 3 | is zero. 
-2 -3 0 
Reason : The determinant of every skew | 
symmetric matrix of odd order is zero. пе 


The matrix A is non-singular, 


98. Assertion : The inverse of a matrix 
43 1 6 
д-|35 7 4 | does not exist. 


17 3 2 


= 
2 
Я 


Reason : The inverse of singular matrix is not 
possible. Д 


| 


х а" 
99. Assertion : If A is a square matrix of order | 


n, then det (k A) =k" |Al. е 
Reason : If matrix В is obtained from A b 


multiplying any row (or column) by a non-zero: 1 ; 
scalar k, then det (B) = k det (A). AE 


100.Assertion : If the system of equations x + ay 
+az=0, bx + y + bz = 0 апа cx + cy + z= 0 where 
a, b, c are non-zero and non unity, has a non e] 


a b сет 
ivi j وو‎ — 
solution, then value of 1 1-D1 


Reason : For non-trivial solution, determinant 3 


of coefficient matrix is zero. 


“ 


xS 


y ANSWERS 9 


1. (b): Expanding the given determinant, we get 
x(-x? - 1) -sin 6(-xsin@ - cos6) + соѕ0 (-sin® + 
хсо58) = 8 
э -Ż-x+x=8 = 2+8в-0 
= (x+2) (2-2х+4) =0 
= x+2=0 
= x=-2 


[7 x” -2x + 4 > 0 Yx] 


2. (d): We have, 
56x 


2:2-15232-15 = 2x? = 32 — х2 = 16 
x =4] х>0) 
x -7 


(b): We have, 
x 5x+1 


= x(5x +1) + 7(x) 


Determinants 


= 5x? +x + 7x = 5x? + Bx = x(5x + 8) 


4. (b): Given that matrix A is singular = [A| #0 


1 =0 
2 -3 
1(-6 - 2) + 2(-3 ~ x) + 3)2 - 2x) =0 
-8(х+1)=0 = х+1=0 = х= -1 
(а) : Given, | A | = 5, order of A is 3 x 3. 
[ЗА [= 3? | A | =27 х5 = 135. 
(a) : Given that, 
0*2" (23? (1+х)2 
fœ =+ (14x)? (425 
043? 0439 (427 
= A + Bx + Cx? + 


0171 
On putting x = 0, we have f(0)=|1 1 1|-A 
1.1 1 


A-0 (^ R, and R, are identical) 
(b): Since the given matrix is singular. 
24x 3 4 
1 -1 2|-0 
x 1 -5 


= Q*2)(5-2)-3(-5-2x) + 4)1 + x) =0 
=> 13x = -25 ب‎ x=-2 
13 
8. (a): Expanding along Ку, we get 
A = 0 -sin a (0 - sin В cos а) - cos a (sin a sin B - 0) 
= sin а sin В cos a - cosa sina sin B = 0 
9. (b): Matrix A is singular, when |A| =0 
6-x 4 
b. 1 
= 6-x-12*4x-2023x-6-—x22 
a4 1 
10. (d): For non-trivial solution, |b 3 150 
с2 1 
= a(3 - 2) - 4(b- с) + 1(2b - 3c) =0 
= a-2b+c=0 
11. (а): Here, a3 = 5, then, 


=0 


2 5. iP 
م‎ a7 0968-30) = (22) = 22 


л yy 0525x222 110 
5 3 


12. (с): Minor of dy = | 2 


|-10-37 


-5x | 
13, (b): Wehave | 7751. E 
(b) e have, n х+10 7 2220195: 


=x? + 10х + 5x = 1? + 15x = x(x + 15) 

1 11 

23 0 

18 2 10 

^ JA] =10-0) + 1)20 - 0) + 1(4 - 54) 
= 30 + 20-5029 

So, АП does not exist. 


14. (4): A- 


[=2+х-у-т=х-у 


16. (4): Area of triangle 
3 $3 

=3 3 6 1-5[3Cc6-2-5G0-7 + 1)6 + 42) 
|7 21 


< [24 + 20 + 481- 192 = 46 эд units 


17. (с) : Given, A is a3 x 3 matrix and [AJ = 4 
= БАЈ = 5?-[А| = 125 x 4 + 500. 


18. (b): Given, А + 4 
2 2 
{3 + 
19. (d): Wehave,| * 
ко 
= 3-12-3-8 = r =8. Hence, r= +245. 
20. (d): A`} exists if [A] #0 
2 X -3 
ie,|0 2 5|*0 = 2(6-5)*1(34*6)20 
11 3 
=> 2+54+620 ¬ БА#-8 
8 


ie,A* — 
5 


21. (a): Expanding given determinant along Ку, we get 
со5 (а + В) + sin(a + В) + со528 = 1 + со528, 
Which is independent of a. 
22. (d): On expanding along R, we get 

3 7 B 

A=|-5 0 0 
0 11 -2 
= 5 (-14 - 143) + 0 - 0 = – 785. 
0 1 


23. Мит 4 


=0-1=-1 5> Cy = Ми 7-1 


dee Cy T -Ma “۹ 


-0 =5 Cy = My 25 


2$ | 


4-х 1 m 

m dial 
(3-а) (4 - جه‎ за + شر‎ + 4)-2-2-2х+2) 

+ 4-8+8-24) =0 

(3-х){хї-3х)+4х-4х=0 
(x-3yx0-x-03 
loos 15° sin 155 
jsin75° со5754 
= соз15° x cos75* - sin15? x ѕіп75° = cas (15° + 75“) 
= cos 90° = 0 


25. (a): We have. 


26. (b): We have. А = 


Cofactor of a3; = (-1)* | =4 
(c) : Given, A is a square matrix of order 3 
[2A] = | А| =S|A] =K|A| (given) 
К=$ 


:M P 
(а): М2 =), 


(с) : The given system has non-zero solution, if 
k +H 

-k -1\=0 = 1(-*-3)-3+1)-1(-9+%k)=0 
-3 1| 

-6Е + 6=0 = k=l 


(c) : We have, ^l 1 
TO 1+6 3+3| 
{2+2 651] 


E 3 


26 


31. (b): Area of triangle = 


=> -«(-3-3)# +15 = 6k= +18 = К=13 
32. (a): We have, |А | = сода + зига = 140 
So, A^ exists. 
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ДАТА" 
We know adj A [А | 


Iv 1A} = 
AeA" Pet 


33. (а): We have, A = 1 
1€ 


2 +ав-К- «| + Цас + aap. be} 


2. 2 ac) - 14 
elsi. «1-1 abet жас+ай- = be 


s. 19 2 ар 
ща -d-a-4 


| s 212-40 = 15 + 14 


-b b-c с-а 


i We have, AT |В-с € a-b 
35. (a): We hav Pom sub Bee 
a MT s b = o}? 
da в-д(с-а)- (а by]- (b - ¢) [( с) 
а етою-да-д-е-дд 


=й 


=0 
36. (с): Given, 
|А | =3. 
Now, [adj Al = / 
= JadA| = (=9 
37. (d): We have, A = (1+ т) [2] - 2m] 

- (m + n) [2n - 2m] + (n + D) [2n - 21) 
=[Ё-т?-п?+ т? + п? - Р] =0 

0 x-a х-Ь 
38. (с): Ах) =|х+а 0 

x+b х+с 0 


Ais a square matrix of order 3 x 3 and 


[A | 1, where n is order of A. 


х-с 


ding along Кү, we get 

ae in -(- 2)0 = (x - c)(x + b)] + (x - BE + a) 
(x * c) - 0] 

э fu) = (к-а (x + b) + (x - Bx + ax + с) 

Now, f(0) = (0 - a) (0 - c) (0 + b) + (0-0) (0 + a) (0 + c) 

= (-a)(-c)(b) + (-b)(a)(c) = abc - abc = 0 
39. (d) 
40. (a): We have, 


1073512 log43 
10238 10949 


1023 29 logر2‎ 3 


A -| = A= 
log32? 106,232 
| 1, 
910632 51082 i 
A= 2 [ log p m" =—log, d 
31og32 P 


= А = (910332) x (log? 3)- E log2 з)з log3 2) 


= A4-9(0g32710g53)- > (log 3x 10832) 
Г loga х log) = 1] 


weh съ две с me SV SIR ر بک‎ фы Sm ا‎ t 


Determinants 


cos 0 
sind 


(b): We have, TP 


= cos? 1g. 
pe cos“ 0 + sin’ @=1 


(d): We have, ath ci 
-с+ 4 a-ib 


= (a + ib)(a - ib) - (c + id)(-c + id) 

= (42 + 02) - (-‹2- у= ی + ت + م + م‎ 
43. (с): Expanding the two determinants, we get 

1)1 = х2) - x(x = x2) + x(x? - x) + 
(1- x) [(1 - x) (1 - x) -1]-1(1 -x-1) + 1(1 -1 + *) =0 
э (l-3 + 253) + 32-2) =0 
э «150-2 х=-вш,-ш7,-1 
> 2007 + 2007 = -1-1+-2. 
44. (b): Let A be the area of triangle РОК. Then, 

4 5 1 г 


= 12 =5{4(-2-2)-54 +6)+108-12)] 
567 12-4 


1 
<-|-16-50-4 
2! 1 


= 35 sq. units 
(c) : Since the three points are collinear 
Area of triangle = 0 
a b+c 
1 


=-|Ь с+а 
2 


1-20 

x a+b 1 
a b+c 1 
b c+a 1|=0 
x a+b 1 
a[c +a-a~-b]-b[b+c-a-b] + x[b* c-c-a]- 0 
ac - ab - bc + ab + xb-xa- 0 
c(a - b) = x(a- b) 2 x=c 
(a) : The given points are collinear. 
а b 1 
az b 1-20 
a +a bı *b 1 
41(b2 - by - bp) - by (az - a, ~ аз) 

+ 1)2, + a,b, - Бед - b207) 20 

ау + a,b, + ab, - Ра = 0 
ab, = baa, 
(d): The given points are collinear. 


1 
2 


= 2-1-4)-k(-3-4)+0=0 


= 7 10 ¬ ak 2 


4 
48. (d): Let ^ be the area of the triangle then, 
|2 в 1 
Awli3 4 | 
2 


1 = 10--6-5) 63-1) +1156} 
15 J^ 


* 155 sq. units 
49. (а) : Let Q(z, y) be any point on the line joining 
АП, 2) and B(3, 6). Then, area of AABQ = 0 
112 4 
513 6 1-0 
2р у 1 
106 - y) - 2)3 - х) + 1 (3y - 6х) = 0 
6-у-6 + 2х + 3у- 6 =0 
4х = Фу => 2х = у 


ra. 
29 


(): Мо = 9-2=7 


(a) 


(а): [A] =6+1=7 20, ~ А-1 exsts. 


53. (d:Webave, Aw] 7^. * 
- : We hav = 
= РЕ, 
л JA} =(+29Q-2)+2=1-42-124 
Now, A(adj A) = [A] I= 4I 


x 1l 
54. (a): We have, A= 


Itis given that A = 
x 1 0 1 
1 0| |1 -x 
= x=Oand-x=0 = х= 0. 
55. (c) : روه‎ Ад жау, Ауу* ауу Азу = [A] 
Now, |A] #1(7-20)-2(7-10) + 3(4 - 2)  -1 
а 14 -1 
2 3 1 
6 b 4 


P 


56. (d):Let А= 


Пе 9-2) -14(6-6)-1(4-1%) 


3j 
Mf *70.* 14 
Мои, A does пей еу И [AL #0 
=> Jut As0 =-2 


10 
87, (0) : We have, A(adj 4) * | 9 


We know that Aladi 4) * [4] 1 
a {Af #10 
7 
(b): Given, А»|2 1 
mes 
Here, ауе ),0,,* land ару *0 
i 4. 
Ay Меер р 


Aj * C1" M," (1) | j 


2 


6 My A4 да А Ais 
= (1) (-1) + (1) (1) + (0) (1) = -1414+00 


os 
Ла” C1 Мат C0) |, « (-1) [2 - -1 
| 


2421 2 ([0 -~ 

59, (а): Ач 32 „Ва to 
(А |4 бе 104 Oand | В 0317120 
" A,B exista 
5o, (BH A) = (AIB I?) = АВ 

2 2Ifo -1 0+2 -2+0 

-3 alla of |0+2 pr 

] 


such that AX =T 
43 


(c) : We have, A 


=p XA 
ا‎ TEY 


UE‏ ا 


eif. 


! exists, 


61. (d): According to given condition, we have the 
following system of lincar equations, 
хчу+х" 45 
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TTL тл 03 - 
20ر‎ 


1” -8 


and +2 lyar- -2 
1 ے۶‎ 


в. дима 9 2 
141 


then we have, 


Now, wy? rs “у 


251 
0 -2|* 
26371 


wle OS VIS 


63, (b): The above system of equations can be written 
in matrix form 89 
Nh = B, where, 


1 1 1 
Alxa , and P = » 


1-21 
3 
0 
ps 


9-2] | n 
90 Jw =| 90 |*|15 


90 + 24 d 114 19 


X. 45 


[2 
хе ва 2 0 


6 


Thus, x :y:z *11:15:19 

64. (d): Clearly, |AB| = JA] ‘IBI 

65. (b) 

66, (b): Three equations are formed from the given 
statements ; 

34 + 2y + z = 2200 

4x + у + 32 = 3100 

and x + y + z = 1200 

Converting the system of equations in matrix form, we 
get 


3 2 1| |х 2200 
4 1 3| |y|»|3100 
11 ыл 1200 


Le, PX = 0, 
32 x 2200 
whereP*|4 1 3|, Xs|y| and Q = | 3100 
111 z 1200 
1Р1 = 3(1 = 3) -2(4 - 3) + 104-1) = -6-2+3=-5#0 
= X= P? Q, provided P exists, 


о Иа Nei ip 


ME ERA 


44 + 2100 ~ 600 
2200 = 6200 + (100 

AO + WD + AIK 20 
=> 29 ХЮ, y= 40) and z= A) 

Hence the money awarded for Honesty, Hardwork and 
Punctuality are 7 200,7 400 and 7 500 respectively. 
67. (d) 64, (b) 

(c) : If a matrix P is both symmetric and skew- 
symmetric then it will be a zero matrix. So, [P| =0, 
70. (a): We have, Q^ = ОО = QPO) 
= (QP) Q= PQ 0 

104 = 101 
71. (a): Let the cost of a polythene bag = ? x, 

The cost of a handmade bag = ? y 
and the cost of a newspaper bag = ¥ z 
According to question, 
20x + Wy + 402 = 250, 20x + 40у + 202 = 270 
40x + 20у + 302 = 200 
This system can be written as AX = B, Mes 
20 30 40 
30 40 20|, X= А and В = zm 
40 20 30 
20 30 40 
[А = |30 40 20 
40 20 30 
= 20(1200 - 400) - 30(900 - 800) + 40(600 - 1600) 
= 20(800) - 30(100) + 40(-1000) 
= 16000 - 3000 - 40000 = -27000 #0 
So, A"! exists and system has a solution given by 


800  -100 -1000 
Now, adj A =| -100 -1000 800 
-1000 800  -100 
800  -100 -1000 
=| -100 -1000 800 
-1000 800  -100 


55 
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LE 
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Hence, cost of a poly bere taz, a handmade bag and 
a newspaper епчеуре is T 1, 5 and 2 2 respectively, 
72. (2) 

(b) 
73. (b): Vijay inv 
табе bags. 
75. (a): Selim investing less amount of money on 
polythene bags. 


esting most of the money от hand 


Ч 
і 
и 
5 4 
-—3 Ч 
[1-343 - 345) 5) [Expanding along E,] 


2 
7343 sq. units 


77. (с): Since а face of the Pyramid consist of 25 smaller 
equilateral triangles. 


л Required area = 25x 5 27545 sq. units 


45 


78. (b): Area of equilateral triangle — Yd 


212 = a-2245 


Let h be the length of altitude of a smaller equilateral 
triangle. Then, 


5 xbasexheight = 343 
= pax 2343 = h = 3 units 


79. (с): Let the third vertex be (x, y), then we get 


241 
lb 6 Wass 


2 
x yl 


56 


=> Hale- y)- 427 х)+ 02-601 253 
ээ 12-2у-%+4х+2у-6х = 2643 

= 4-2x=+6y3 

= 2-x=23V3 = 2-223 


a 0 
и 
80. (c): Area of AARC =O b 
1, 1 
е а em TT. 


2 


г. Pots A, E aná C are colisnear 
US: -2 

#1 бӯ: 5< 3 

Cofactor of 1 = 3, cotactcx of -2 = -4 

Cotactor of 4 = 2, cofactor of 3 = 1 

Lo Requiedsom-3-4-2*4172 


$3. fey: Let 4 = 


Clezri, a. = 6 


амі А. = haces тт 2 


2-35-22 


6-4. 6 72 э 177 


3 2 
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мй ment but Reason ja са 
Assertio 


fe wrong etate 
statement 
$ ly A * 
87. (0: Clearly 
Howevet. by 4 propert 
(C 7 det A + det В | 
9 statement but Reason is wrong 


pec Hence, Reason is E. 
y of determinants, °% 
де 
Assertion 1 correct 
statement 

$8. (c) : Reason IS 
A’ = det(- A) 19 not true 

3 det А" 

= (-1j' det A | 
(> Ais skew ayn A 


= -det (A) = -det А 


false since 


det 
Indeed, det (-А? 
Now 23 А = -A 
5 det A = detl-A') 
= detA=0 
Thus Awerto 

Assertion and 


js net the correct exp 


n is correct. 
Reason are both correct but Reason 
lanation of Assertion. 


2 


s1 
| = fad A|- ad -be 2| A]. 
2 


Lo SATO ote 


is net he convex 


Assert 200 Kazuri zee both correct ad 
ж the error exploration of Assertion. 


А 


97 (2): 7 lit 6075127 therefore Куест 


COPS rot edt. 
3 


ч 1 v 
2 


"тец 


і 


Ор» 


Si RARE ea WIE S 


Determinants 


Assertion and Veasm ate beth trie bast Rasim ia 
the correct explanation A Assertion 


93. (с): аду» Aj * ДАЦ 2А 
Here, n = 3 
2 adsfadj A) * [ASA 0) 
; В 3 ¢ 
Now, {AF 2 -3 4 = U-34 4)+ HZ) + 4-2)” 1 
O - 1 
From Ед. (ij, adj (ad) А) m A 
len hu) oA E) свят 
94. (а): J(6) = нивна) hs} uad үу 
[sm - T) sg- тыа - 2) 
I sinl + 0) 
> бе! n5 a) 
| иа? - T 


~i +B, 


sat a By 


n eri 
aije) 


Saig- ма - 9 


смо + и) ale) см TTÀ 
HOIA) сб» Ру) слів + ү 
j-p saTq-u) зә} 


ient t + а) cO TL, cub eT) 
+ #(6+ a) ssf) un 7) = O +9+9#9 


| 6 6 ° 


= f(8j-0 = füj-cr 
7. Assertion ard Reason ate both correct and Reanem 
is the correct explanation of Assertion 
(Ate? S215. S.) 
95. (dj: i^i 42515-1223520 


2 


96, (а) : We have А =j 


(3 


12 


fAl=4 (25 + 9) - 2 050 - 24: 6-32 - эў 
= - 176 #9 


А is a => A* erasa. 


7. ABET аа Reason bes are correct атай 
is the correct explanation of Assert 


x са 


w 
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Ustrie А а dmm VYE SNELA 
Assertium aed erum rh ene Correct te Jaran 
ip fhe стене ی‎ A Аден 
& 
з. 3:4 4 


i alk C. 
Аж 


A in подне mater 
А ss Неа matte 0 A dew пат event 
- PRET жлеб Фатиме setts эсе гот wd Lean б 
Se carrer! ex coetum A Samer. 


- For general d onde of maera А a a ten Ж/А = vA 
PARR жи DRT жгт nct 2h arum 3» 
he CS explanation of Manes, 


198. (d: For телустттчай mises we mast usse 


ALTA зь RUNE MALATE E 123077 
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INTRODUCTION 

> fn previous ciass, we had learnt how to differentiate 
certain functions like polyggenial functions and 

п this chapter, we will 


continuity 


trigonometri functions ir 
Learn important concepts of and 
differentiabiity end relation between them We will 
also learn differentiation of inverse tri gonometric 
functions, exponential and logarithmic function. 


CONTINUITY 


> Let fix) a real valued function on a subset of the real 

numbers and bet a be a point in the domain of fix} 

Then fix) is continuous at a if lim f(x)= f(a). Н 
12 


Ла) is not continuous at a, then f(x) is discontinuous 
ata 
Continuity of a Given Function at a Point 


> The rez] valued function y = f(x) is said 
to be continuous in its domain at x = a if 
lim fla+h)= km ј Ка-й)< (а) 


a 


Continuity of Some of the Common Functions 


ف 


Continuity of a Function in an Interval 
aid to be continuous in an open interval | 
tis continuous at every point in this i interval " 


и 
d to be continuous in the closed interval 


E us if 
fix) is continuous in (а, b) 
Em f(a~h)= f(a) 
bo" 


(ш) Em f(o-h)= f(b) 
Dur 


Discontinuity 
> 


lim f(a+h) both exist but are not equal. 
Б—0 
(ii) Discontinuity of Second Kind : If none of the 


limits pa i fig —h)and lim f(a+h) exist. 
#в-0 


(ш) брод. +. Discontinuity : lim fla—h) and | 
lim f(a+h) both exist and ol but nota 
k—5 
equal to Ла). 


| Constant function : Жо + С 


p ty function : f х) Ех 


Poly menia function : f) = ap^ ар +. 


i 


(х) = ———;qix)je0 
ра) P7 


‚ Rational function : 


Мода us funcion: | x | 


x7: nis зує integer 


sinz, m E 


ї2лх, sexx 


Interval in which f(x) is continuous 
R 


R- sen. :ne Z} 


Б UE Vae en rale 


The function fix) will be discontinuous at x = a if 3 3 


Continuity and Differentiatslity 


| COU, Cosecx 
|log x 
Í Inverse trigonometric functions, 
| Composite function, , fogo) 


DIFFERENTIABILITY 


Let f(x) is a real valued function, then 
Left Hand Derivative (LH.D.) : 
Lf (a)= lim Д2-#)- fla) 
һ-0 -h 
Right Hand Derivative (R.H.D.) : 
Буба) = lim LE * — Ла) 
h—0 h 
Differentiability : A function f(x) is said to be 
differentiable at x 7 a if its left hand derivative and 
right hand derivative at x = a are exist and equal. 
Relationship Between Continuity and 
Differentiability 


If a real-valued function f(x) is finitely derivable at any 
point of its domain, it is necessarily continuous at that 
point But the converse need not be true. 


Points to Remember 
> If lim f(a+h)- f(a) 
в—0 h 

is not differentiable at point a. 

Function fis differentiable at a point a in its domain 
if both LHD. and R.H.D. are finite and equal. 
f(x) is said to be differentiable in an interval [a, 5] 
if Rf (а) and Lf (а) exist and f(x) exists for every 
point of (a, b). 

f(x) is said to be differentiable in an interval (a, b) 
if it is differentiable at every point of (a, b). 

Every polynomial function is differentiable at each 
x€R 

Every constant function is differentiable. 

The logarithmic function is differentiable at each 
point in its domain. 

Trigonometric and inverse trigonometric functions 
are differentiable in their respective domains. 


The sum, difference, product and quotient of two 
differentiable functions is differentiable. 


does not exist, we say that f 


The composition of differentiable functions is a 
differentiable function. 


Derivative 
> Let f(x) Бе a real valued function, then 
derivative of f(x) w.r.t. x is given by 


Гі го is continuous. zf £ = a and Ах] BC 
Кар then п fog (л) is continuous at z= a 


Ё-{тх ach 
in, =} 
in their respective. Soma те 


—€—— 
diftxy) fix + س(‎ fis} 


— lun 
dx ai я 


Ла 
Algebra of Derivctives 


> (изу = Шу 
> (uvy = шу + жу (Product гае} 
Wr av 
r 
Derivative of Composite Function (Chain rule} 
ро) figg 


Derivative of Implicit Function 


.7 29 (Quotient rule} 


4 
ду Се? iy) 


(72, - раді, зе) 


„х={—ге,—1).{1, зе) 
хүх?-1 
EXPONENTIAL AND LOGARITHMIC 
FUNCTIONS 


Exponential Function 

The function y = f(x) = а“ with positive base а > 1 
25 called exponential function. И base of exponential 
function is e, then it is called natural exponential 
function. Exponential function with base 10 is called 
common exponential function, 


з 


eo 
Points to Remembec 
Domain = К, Range = R^ 
Point (0, 1) always lies on graph of exper ential 
function. 
As we move left to right graph rises above 
For very large negative value of x and a > 
graph сё exponential function gets Very close to 
x-axis but never meets it 
Л ahmic Е Е 
ЕЕ = а, Б> 1, then we say logar rithm of a to base b 15 
x. Logarithm of a to base b is denoted by log,a. Thus, 
log, в = x, И = a If base b = 10, we say it common 
logarithm and if b = e, we say it natural logarithm. 


Points to Remember 

> Domain = R", Range = Е 

> Point (1, 0) always Без on the graph of loganthm 
fanction. 

> Аз we move left to right graph rises above. 

> For x very close to zero, the graph of logarithmic 
function get very close to y-axis but never meets it. 

Relation Between Exponential and Logarithmic 

Function 

> Graph of С and logx are mirror images of each 
other reflected in the line y = x. 


Properties of Logarithms 
> Іор (тп) = от + ол; m, n > 0, a >1 
> logx = юг log x ; x > 0, a >1 

т 
> log, (= 


п 


1 the 


J= loga m-iogar m,n>0,a>1 


> log,m"* Порт; m, n > 0, a >1 
свет =x;x>0 


log x 


x= 
Ba loga 
log,,10 = 1,log, e = 1 and log,1 = 0; a >1 


; хъбапда> 1 
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Derivative 9 
Function 

CASET 
dx 


4 (= loga 


áx 


1 
3 (юғх)=- 
dx x 
4 __ ча 
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GARITHMIC DIFFERENTIATION 


Loganthaouc differentiation is à powerful technique to 
differentiate functions О of the form fix) = (u(x))" where i 
both f and и need to be positive functions. 


Let function be y = fix) = ибх)“, then 
(= [Г u'(x) * v(x): togata] 
dx 


LO 


их) 


DERIVATIVES OF FUNCTIONS IN 

PARAMETRIC FORMS 

Let x = До and y = g(t) be parametric forms with f asa | 

parameter, then Ще 

g(t) 
aa FO D , where (1) #0 

Derivative of a Function w.r.t. Another Function ‘ 

Let function y = f(x) and z = g(x) be two functions, then 
dy. dy dx : 


derivative of f(x) w.r.t. g(x) is —— ДЕДЕ 


SECOND ORDER DERIVATIVE 


Let function be y = f(x), then =f (х) 


Practice Time 6) 


© Multiple Choice Questions (MCQs) 


1. For what value of k, 
kx”, if х<2 
3,’ if x»2 


the function 


is continuous at z = 27 


мі Ам 


що: 
2 


If f(x) їз continuous in (o: ),— |, then (Е jJ 


(a) 1 i 


1 


(с) 72 


3, The number of díacontinuoua functions у(х) 
on [- 2, 2] satisfying x? + y? = 4 1з 

(b) 1 

(d) 22 


|: ШЕ 1) then 
х+ 1 


(b) -1 
(d) 2 


5. ИхЛ+у+уу1+х=0, then Za 


(b) м 


1+х 


х 
(d) س‎ 
! 1+х 


6. Пужах? +b, then o at x = 2 is equal to 
с 
(b) За 


(4) none of these 


(a) 4a 
(с) 2a 


Пода нд? x) 


7. If yee? , then p {а equal to 
с 


(а) jme (b) sec^x 
ойнап х) 


(с) весх tanx (d) е2 


2. Wy =la, z +g, a+ log, 2 + big, 2, then 
is equal ta 
1 


(aj -+ хижа tb} 
1 


fe) - szga (d+ 


хижа хижа 


d: 
1f y = log, flog xi, then find T 
EE: ПЕРУ _ 
zlogTligx ziogx 
(е) —— Mone of these 
log? log x 
10. The derivative of y = (1 ~ x52 — х) 
at z= | а equal to 
(а) 0 (b) -1ил- ПИ 
(c) n! -1 (dj СР a - Lit 


B L2: 


11. Find z „when y xz”, 


(рх th + log 2) 
(с) х" ойх (dj x''' log x 
12. Determine the value of the eonatant K, 


|. if x<0 
al 


ie 
В Qf xz 


во that the function /() = 
continuous at x ж 0 

th) -2 
(d) -4 


13. Determine the value of '&' for which the 
function is continuous at х = 3. 


(x +3) ~36 


fo» х-3 
k 


(a) -1 
с) -3 


(а) 10 


(c) ~10 
14. If fix) s x +1, find ^ И (fof x). 


j^ 1 
(d) 3x? 


(а) 0 
(с) x 


62 


а 
15. If » = logicos"), then find с 


(b) е" tana 
19) є" tan x 


(а) е" tanî x 
(с) € &ec x 


2 


16. If fix) = 2x and glx) = 4 + 1, then which of 


5 


P 


LJ 
the following can be a discontinuous function: 
(a) Ax) + до) 


(с) Кх) gtx) 


$-x* 
17. The function fix) = 3 

áx-x 
(a) discontinuous at only one pornt 
(b) dixcontinuous at exactly two points 
(с) discontinuous at exactly three points 
(d) None of thexe 
18. The function fix) = cots is discontinuous on 
the set 
(а) іх а пх; nc ZI 
(b) tx е 277; пе! 


19. Let fix) = isinx!. Then 

(а) fis everywhere differentsb! 

(b) f is everywhere continuous 
differentiable at x = nz, n €Z 

(с) f is everywhere continu 


differentiable st x = (2л + 1) 
(d) None of these 


та |, then ду is equal to 


EJ, dr 


sin x + y, then E is equal to 


Coe І 
(bj 


1-2y 
вшх 


2у-1 


mtG CBSE Board T 
4 А (22 1) wır. сові ү, 
за пате“, 


-1 


alive of cos 


nrar- Ind = Bs) „у 


x 
g at x = 0. then f(0) = 


(b) a +b 
id) ша «In b 


If Avis continuou 


(а) a-6 
ic) b-a 


[ 


24. pv 


k 
If fix) is continu 
ia) 3 


te) «¢ 


ous for all x, then k= 
(b) 5 
(4) 9 


1-соз4х 220 
х=0 
25. Uf fixd= а Р 
کے‎ „х>0 
16+ -4 
is continuous atx=0,thena= 
(a) 4 (b) 6 


(c) 5 (d) 5 


26. Let f be defined on [- 5, 5]as 
Fe is rational 
f=] z, if x is irrational 
Then f(x) 1s 
(а) continuous at every x except x — 0 
(b) discontinuous at every x except x = 0 
(с) continuous everywhere 
(4) discontinuous everywhere 


„4+-х-2 
х 


27. If fix) = , x * 0 be continuous at 


z = 0, then f0) = 
(b) 


(c) 2 4) 


Ix - 3l, 


28. Thefunctionf(x)- 4x3? 3x 13 
"ea oe 55 


(а) continuous at x = 1 
(b) differentiable at x = 1 


erm-] Mathematics Пан)" 


ade ue оре 2 Pea АУЛ, 


EU 
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(e) continuous at e = 3 
19) All of these 


19. 16 is given that /'ia) exists, then 


xf(ab-af(si , 
f fu is equal ta 


(а) Ла! = af ia) tbi ла: 

(с) f(a} tdi Ла) жаба! 

30. If f is a real-valued differentiable function 
satisfying I fix) -flyil Six =y’, х,у ЕН and #0) 
= 0, then f1) equals 

(а) 1 th) 2 

(c) 0 (di) +1 

31. If fix) fly) = fix + у) for all х. y ; suppose f5) 
= 2 and / 10) = 3, then / (5) is equal to 

(а) 5 (bi 6 

(c) 0 14) None of these 


31. уб) = —/25-х% , then iml L Y% 
equal to mt х-1 
(a) RS 

24 


(c) —/24 до 1. 
v24 


33. Шоже = 
)1- ز×‎ 3 
(а) 5 + 2 sin 2 


(с) 5-2 ѕіп 2 


+ cos (2x + 1), then / (0) = 


(b) 5 + 2 сов 2 
(d) 5-2 соз 2 


34. If f(x) = A14 cos?ix?), then the value of 


s. 


. - - "= 
Differential coefficient of ysec yx is 


l sec Vz sin Vz 


4x 


1 Jx see Jx sin Jx 


1 есу cnin Vx 
< dy 


If ax? + 2Аху + by? = 1, then ې‎ ovals 


пее hy 


бы ету 


“тж > Жуз 


(id - 


f sin r a соя 


É CONS — ss 


then 91) is «аа! to 


dog ee ee 

un uJl-x-4xdi-x 
t 

———— — 


2,г1-г) 


is equal to 


J1- xd T- x - fet 29 
1 


— состана 
24011-2) 


40. If y=sin ‘| 


then E is equal to 


(b: 0 
(e) - (d) None of these 
Las 
41. If the function а=) pe aed is 
| ©0 ; x50 
differentiable at x = 0, then right hand derivative 
of fa} at x = Q is 
(b) 


(d) -1 


Х then the value ef y е) is 


1 


(b) == 
e 


td) Ir 
а 


© 


ч : 
43. WR] ХААЛ and ciel is (ie RIMA 
“N YR Qual to 


РАСИ 
* ` 
ХХ @ SRN @ Дал 


кл # daar e Rew 


A Nene of hete 


Ww x 


44. А7 ум? 
“оа fe 


ia) 


ЗУ Абу e e T Chen the wave of 


NR ta 


۵ 


where à, 5, с are 


&& Куче * v. 
Parameters thers 


is equal to 


sew л ¢ RUE 
None af thes 


vus, defined 


SS. Peternune the V 


ast Board 
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Peay л 


ta) 


^Y 
w 


uS 


I^ 
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t 
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hn 


val 


Фад diavntinuons AN # \ 


| -Vtangy 


ns АС 
h« х= 0 


ithe t 


ts AM 


If function f= 


nus 


itin 
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vant Vere КА уа eh- ty thon 


v. 
м4 


А 
wow 


alue of бо whieh the 


ANNORUM atx #4. 


VU 
ws 


Wasnt 
„Уеа 
МАЛА 
TEES! 
lm ДУ ES | 
ха“ 


we) 


- red 


mas at х= О, then К = 
wd) ха 


CUEN 


x! 
л---„х<о 


then 


fix) does not exist. 


f (A) des nol exist 


х- 


fa 


Ax) is continuous at x = 0 


ва lê belie 


Spa атн Аа 


"I 


¥ 


FHS ھر‎ 


OAS eim bU o Ga РРА 


Сумяку and Differentiabáty 


dy‏ ر 


S8. IRo ML =R, thon м 


X) dx 


(b) 2 
n 


«n X 
х 


(а) 


w) = 
y 


59, Ifthe tunetion у) = Е 


. . K for xed 
is continuous at v 0, then {= 9 

(а) e ib) e! 

«е (D е 


S Case Based МСО; 


Case 1: Read the following and answer any four 
questions (iem 61 to 65 given below, 


Let fs A =» Band $: B C be two functions 
defined en nonsempty sets А, B, C, then wdc 


is called the composition of f and g detined as, 
ХУ = SY WR V ve А, 


ur 
+x] torrat 


Consider the functions. AW = 


SW) = e and then answer the following questions. 
AR Q 


61. The function go? is defined as 
fes w20 
h - «59 xsd 


| E 


gy = 


„хъб 
.x zO 


gero = 
| naL 


je 


.xs0 
gef) = | == 


1-ее“ x20 


| ex 


$3 0 
ҳой) = | = 


esse „х<о 
d К 

— leaf = 

dx | 


.xz0 


.xsQ 


[eos xe? e 


leyl = ци: le t-aos 


sing 


M [cos x-e*? .x 20 
(gery T = А х 

|-sinx-e wer Orso 
Six 


Josx- E .x20 


[sof = 
P lsinx- {(1-созх) ,x sO 


65 


60. If x = f(0 and y a gt? are differentiable 
wy 
P$" 
а“ 
га) 


functions ог, then 


LO =e 

Leo 
roe") 

rae 


qo SO 70 reso 


(а) 


eor ^u) 


ib) 


ror 
ga fous Qu eu) 


(ru у" 


id) 


созх e"? 
(D. ко = 


П-зиах) е 
63. R.H.D. of gofix) at x = 0 is 
fa) 0 Q1 © -1 
64, I.H.D. ef go) at x = 0 is 
i 0 (b) 1 te) - 


los x 


65. The value of Pix) at X 7 — is 


4 
(а) 19 (b) 1/42 
(€ 12 (d) net defined 
Case Il : Read the following and answer any 
four questions from 65 to 70 given below. 
lf a real valued function Ax) is finitely derivable 
at any point of its domain, it is isum 
continuous at that point, But its converse n 
not be true, 
For example, every polynomial, constant function 
аге both continuous as well as differentiable and 
inverse trigonometric functions are continuous 
and differentiable in its domains etc. 


[x fore SO 
If fixd=4 
л? a gees" 


(а) Ax) is differentiable and continueus 
(b) Ax) is neither continuous nor differentiable 
(с) Ах) is continuous but net differentiable 
(9) none of these 
IffAxd= lax- tl, ax ER, then six = 
(а) fix) is not continuous 
(b). Ax) is continuous but not differentiable 
(c) Ax) is continuous and differentiable 
id) none of these 


then at х= 0 


66 


68. fix) = x" is 

continuous but not differentiable at a 
continuous and differentiable at x = 3 
neither continuous nor differentiable at з = 3 


- 3 


са) 
(b) 
ici 


id) 
. If fix) = [ein x]. then which of tbe following 


ts true? А 
ab} = ( 
fixas continuous and differentiable at 1 


fix) is discontinuous at х = 0 
Ах 
differentiable 

Ax) зх differentiable but not continuous at 


none of these 


at not 
is continuous at x = 0 but nc 


хет? 


. Дх) e sing, -l Sx 5S 1, then 
fix? аз both continuous and diffe rentable 
| fixi is neither continuous nor differentiable 
fix? ws continuous but not differentiable 
None of these 
Case III : Resd the following and answer апу 


four quest»ons from 71 to 75 given bei 


A function fixi us said to 


following 


- 


û he чалше 


2» t 
—- {d G 


The value ef b is 


The walue efc — а is 


ќа) I (b) 6 i) -1 


four questiens from 76 to BO given below 
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fiu) is ^ dı 
+ а diffe à 
эй differentiable function of x and 


if* = 
и = да) 14 

= fo , 
ds ay „Фм This rule is also known as CHAIN 
<. du ax 


ах 
RULE 

Mased on t 
даа of functio 


rentiable function of x, + 


pove information, find th 
pes ns w.r.t. x in the following 


derivative 


x vx -1 

Case V : Read the following and answer any 

four questions from 81 to 85 given below, 

If а relation between x and y is such that y 

cannot be expressed in terms of x, then y is called 

an implicit function of x. When a given relation 

€xpresses y às an implicit function of x and we 
dy в 


Want to find dr then we differentiate every 


TENS 


а 


EXE 


ا 


A 


fferentiable function of u and | 
Нед“ 


Tet ас ОН 


ОКО ys Petes‏ کے چ 


а 


Pani Pein ec 


1 
$ 
E 


Acne Cds 


Continuty and Difl'ereniabiliry 


term of the given relation w p.t. £ remembering 
that a term in y is first differentiated wrt y 


d 
1 then multiplied = 
and iphed by p 


Based on the above information. find the value 
dy 


of a iP each of the following questions 
81. 1? + xy + хуй ey? د‎ 1 

(3x? +2ху+ y?) 
х2 + 2y + ر3‎ 
(3x? + 2xy - у?) 
х? - 2y + ر3‎ 
82. y = e ~7 

х-у 
(1+ log x) 


کے 0( 
)1082+ 9 


~(327 + Zry + уй) 
я? ку 3. 

Зх? + وچ‎ + у? 

х? + بے‎ + 1)? 


(a) tb; 


(c) td) 


x+y 
(1 +logz} 
х+у 
хП1 + пост) 


(a) (b) 


(d) 


xí yous ¥~ 1) 


у 


усояу +1 

sin? x + cos*y = 1 
manly 

sin 2z 


с) 


2 Assertion & Reasoning Based MCQs 


Directions (Q.-86 to 100) : in these questions, a statement cf Assermon s ‘tllowed by a statement of Reason is Sven. Chocse 


the correct answer out of the following choices : 


(a) Assertion and Reason both are correct statements and Reason 5 the correct axpianaton of Asserton. 
(b) Assertion and Reason both are correct statements but Reason 5 not tha correct expiananon of Asserton. 
(c) Assertion is correct statement but Reason is wrong statement. 

(d) Assertion is wrong statement but Reason is correct statement 


86. Consider the function fix) = [sin x}, x e [0, л] 
Assertion: f(x) is not continuous at х= 


Reason : lim f(x) does not exist. 
x 


I>- 


2 
87. Consider the function /(х)= 


x х>1 
кей. x«l 
Assertion : fis not derivable at x = 1 as 

lim Ах) = lim fix) 
> xi" 

Reason : If a function f is derivable at a point 

‘a’, then it is continuous at ‘a’. 

88. Assertion : For x « 0, San =) 
dx E: 

Reason : For x < 0, ix! 2-x 


89. Assertion : lf y (ола) then 
yr- 
-1 1 
gtr 
lex^ Rra) 


d 
—i 


ат 


Reason : 


d( 1 Я 
wa c даан 


90. Assertion : If у = 1ай and then 


Reason: lf v i5 a functtoa of v and v is a function 


of x, then S ЯМ ЧЕ. 
dx dv dx 
91. Assertion : Ife* + logxy) + со ку) + 5 = 0, 
dy у 
then ===, 
«а с. e 
и st = A 
dx dx x 
92. Assertion: Ify = loggt + log, x, then 


Reason : 


ду loge 1 
eee 
ах х х 


68 


а log x 


Reason : — (10; ) - апа 
пот log 10 


dx 


d logx 
д Е 
à og, x) ce 


93. Assertion : If u = fisinx), v = gícosx) and f 


(з) ае (тв 


Reason: If u = f(x). v = g(x). then the derivative 
: du Фи! ах 
f f with respect t -- 
of f with respect to g is dad 
2x | 
1-2? 


. Assertion : Derivative of tan 


2 
with respect to eu ЕЕ | is 1for0 «x « 1. 
1+х 


forO<x<L | (s) 
95. Assertion : If x = ai? and y = 2at, then 


Фу 


mtG CBS 
g6. Assertio 


коз cos? x + cos? (3 
fo 20. 
Reason : Deriv 
always zero. 


97. Assertion : Ах) = 


n: Let 


ative of a constant function 18 


а{х = 0. 
Reason : L.H.D. 
atx =0. 
98. Assertion : и и=[ 


ди 
&f'(1)- X and £ (V2) = һе (9), 
4 


= g(x), then derivative of 


(cot x) & v=g(cosecx) 


If u = f(x). v= 
Reason : du duldx 


тет. togis — 29 “лах ` 


99. Assertion : Let f(x) = Ixl, x # 0 then 


, Ix! 
faz Fx 
Reason: f(x) = 
100. Consider the function, fix) = 1x-21 + Ix -51, 
xeR 

Assertion : f (4) = 0 

Reason : f is continuous in [2, 5], differentiable 
in (2, 5) and f (2) = f (5). 


x Их>0, f(x) =-xifx<0. 


= ANSWERS TNI 


(0) : ~ f (x) is continuous at x = 2, 


lim f(x)= lim f(z). — . 10 =3 „к=? 


Using L’ Hospital Rule, we get (Е ) i 


4 
3. (а); Functions which satisfy the relation x? + у? = 4 


аге у(х) = 44-2 and y(x) + ,ھل‎ 


And both functions are continuous in [-2, 2]. 


та,‏ ی ا 


5. (¢) : Given, xf1+y +yV1+x =0 
= xf/l+y=-yV1+x 


Squaring both side of (i), we get 
х1 жу) у (0*2) = (к-у)к+у+ху)=0 
x 
=> = ے5‎ 
ETT 
2A. -(1+x)-1+x-1_ 


(1+х)? 
6. (а): Wehave,y = ax? +b = A =2ах 


4 =2a*2= 4а 
ГАРЕЛ 

1 

7. (д: у= е2 

dy 

dx 


log(1*tan? x) 


= (вес? х)!/? 


= весх 


= весх(апх 
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е! | is non differentiable - 


of fix) at x = 0 # В.Н.Р. of f(x) 


Continuity and Differentiability 


(а): у = logz(log x) = logilog x) 
log7 


1:1 dy 1 
+— вю Z= 
1057 logx x dx xlog7 log x 
10. (b): у= (1-x)(2-2).....(n - x) 
Taking de on both sides, we get 
logy = d -x)* wep - x) +... + log(n чы 


*ü- yr gu PR 


[е —Х)(3- х)....(л-х)]+ =| 
y 


) 2 1-2 —(n-1)(-1)7 (-1)(n - 1)! 


():y-x 
Taking log on both sides, we get log y = x log x 
Differentiating w.r.t. x, we get 


Zi = y(1+togz) 


12. (с) : We have, Дх)= A irem 


3 ,ifx20 


LHL.= lim f(x) = lim Š =-k 


x30" x30 -x 


RH.L.- lim f(x)- lim 3=3 


х-»0“ x70 
Since, f(x) is continuous at x = 0. 
L.H.L.=RH.L.=/(0) = -k=3 2 k=-3 
(b) : Given, f(x) is continuous at x = 3. | 
lim f(x) = f(3) 


x23 


(x 3*6) (x 43- 6). 
x-3 
= 34+3+6=k => k=12 
14, (b): Given, f(x) =x + 1 
аи aa ары 


A Uo) = (x42) =1 


15. (d): Given, y = log(cos e") 

On differentiating w t.t. x, we get 

s AM Mohr Е 

= 2" sind )--апе 
2 


16. (d) : fix) =2z and з(х) = —— +1 both are continuous 
function. 2 


So the function 20 сап be discontinuous. 
4 


If, fix)=0 = 2x20 = x=0 
Hence, at x = 0, #0) is discontinuous. 


4-12 
12-1#2+х) 

So, fix) is discontinuous at x = 0,2. -2. 
18. (а): fix) = соё is discontinuous if cotr — æ 
= cotr-cotü = хз ли Упе 7. 
19. (b): From the graph of fx) = [sin |, itis clear that 
Ах) is continuous everywhere but not differentiable at 
x=nz,neZ 


Ла) = y= (д 


= y=log(l-xr) -log +r 
Differentiating w.r.t. х, we get 


21. (а): y= „Захту => у? 2sinrewy 
Differentiating w.r.t. to x. we get 


22. (a): Lety = cos! 212-1) = 2cos x 


Differentiating w.r.t. соѕ x, we get 


E 
d(cos7" x) 
23. (b): f(0) = lim f(x) 


x ¬0 


In(1 + ax) - In(1— bx) (s ) 


— form 


= lim 0 


x0 х 


Feel 
= lim + 
х-›0[1+ах 1-bx 


=arb. 


(Using L'Hospital Rule) 


70 


er 1ва+ 2 
24. (0 :k- 2) = Em До- ва É = 


1-1 Lore! (1-27 


(Using L’ Hospital Rule) 


(Using L’ Hospital Rule) 


25. (9 : Since fix) is continuous at x = 0 
л LHLatzx=0=£0)=RHL atx=0 


= lim cos 4F _ Е un 
х-+0 x т-+0 16+ - -4 
lim 2804 ас lim бе ЧЕ +4 
129 2x т-+0 


$sináx 4х 16+ Jz 


x= = a= lim 416+ x +4 
2x i0 


. (b): As x ¬4 0 both x and - x tend to zero, f(0) = 0 
f(x) is continuous at x = 0. 
For x 2 0, x #-х , f(x) is discontinuous. 
27. (b): f(0)= lim f(x) = lim 2333-2 
r0 т-»0 


(дз) | 
х Д+х+2 
4+х-4 f x 


= lim р = lim 
х-01М4+х+2) х-+0хМ4+х+2) 


= lim 
х-»0 


МИСНИ СУ, 


28. (4): |х-3| is continuous at х = 3, but not 
differentiable. 


А1) = fl") = f(1) = 2 
S'OS) =-1= f(1) 
f(x) is continuous and differentiable at x = 1, 


29. (а): lim xf (a) - af (x) 


xoa (x-a) 


= ша А fia -SO , о) – Д2] 


х-за (х-а) (х-а) 


= lim- LO-A], lim ду) 


х-за (x-a) х-за 
= - a f'(a) + f(a) = f(a) -а/ (а) 
30. (9 :Since, tim LOI! < lim |x-y| 


xy dx-y| وب‎ 


mtg CBSE Board Te 
(20 = fv) = constant 

о = fü)-0 

му = ЛО * 9 = MOF) 


= 1700150 2U 
As ПО) «0 = Л) 


31. @):Дх* 7 fl 


fà f 
Lys عقا‎ = 


за 0 = faf =2х3=6 


f(x)- fü). ra) 
x-1 


14 £ 
2 fü) "qeu 


‚ (9: f() - 501-9) ? «cos Qx 41) 


у(х) = з{кх-га- -ху/%(-1)+(1- юга ШШ 
+2 cos(2x + 1){-sin(2x + 1) x 
5 


f'a)-sa- رو‎ x) 3 - 2ein(4x 42) 
2 f(0)=5-2sin2 
. (b): We have, /(х) = A + cos? (x?) 


1 -2sinx? cosx? 


(х) = = × 
үч) 2 1+ cos! 22 


35. (b): Let y = sec Jx 


Te w.r.t. x, we get 

-sec Vx - tan Vx - EX 

= (ес ИЗ sine _ (sec Vx)3/2 . sin Vx 
Wa созу u 


36. (d): Given, ax? + 2hxy + by? =1 
Differentiating w.r.t. x, we get 


tax + 2 (+ y)+ 2 


= 


37. (d): We have, y = tan! te osz 
cosx -sinx 


| 
У d "n ЕЕ 
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ا 


AL 


Ще 


по 


за 


e 


Sea aet idi 


EA 


Continuity and Differentiabáty 


э у= z +х 
4 
Differentiating w.r.t. x, we get 
dy _ 
е 


38. (d): y = tan! ( Ух-х | 
у= 1+ зе) 
= tan) (Vz) -нал (а) 
Differentiating w.r.t. x, we get 
1 1 1 


1+ 2x 
39. (c) : Let у= и Ic FZ 


= [5а in^ (x1 - (Wz? е? 


> fin1 x-sin Jx] = 


1 
dx 4 LT ВИ АВГ ак 
7 rt 2450-2 


41. (с): At x =0, right hand derivative 
f'(0) = lim 7 


#-»0 


ПОРОДА 


fü 
ип h 


42. (d) :Given, y - fur 
x 


Differentiating w.r.t. x, we get 


гуа) = 2002808) g+ 


Now, f(x) = + (x2g’(x) + 2xg(x)) 


= x29"(x) + g'(x) 2x + 2040) + g(x) 1} 
= x7g"(x) +4 g'(x) + 2g(x) 


44. (c) : Given, y = cos? 


LÀ 
= ужсозЗа => -<-<-3 т 
dr 


=) 


£y 35 3 < 
= prn x cos2z = -9cos3r 2-9, 


47. (d): We have, у = (іаллу 

Taking log on both sides, we get 
log y = sinx log(tanz} 

Differentiating wrt x, we get 


созт (log tan xj 
43. (d): We have, x-27-* 
Taking log on both sides, we get 


log x = (x - уст” yen EB 
xia Teg 3 ilbpr 


Differentiating w.rt x, we get 
1 
dy begun rA gr logx 
dx (l+logx = (1+logx}* 
49. (4): Given, у = cos! y1-F 
and x = sin "(31 - 4?) = 3 sins 
Differentiating w.r.t. t respectively, we get 


50. (с): Let y =e, z =1орх 
qus w.r.t. x, we get 


ae =e (3x2) = за "and 2-1 


51. (c) : We have, y 2 НО «1, x 2 +1 


ES dy dy/dt 10 


(олеш ent Пее ту 


ч ГОУ МИ. 


“fis 


* 2 і 
ERES M 


61. (2) 

$3. 65) 

65. @ 

67. @ 

69. @) 

71. 0): LHL (tz 70) 
sira + 1)х + ах 


= lim 
ә x 


570 


Using L' Hospital годе, we gp 


= (у 
ر‎ pu? + ^) = 200610 аи 
og? -TIIRO deba : урати term 242 
we 4 1 t z- 
Р 2 ج‎ і / ~ 
| RHL tx=0) fim bT da 
259 br? 


lm(x44)sk mk 5 f р 
a | Б 1 1 
54. (:f)-i тИ ша рота 2 
üm f(x)e hm x =1, ldem РР А M ; Since, f(x) is continuous at x = 0. 
ке j : - From (i) and (i), we get 
Since, fü)& lim f(x) ^ fis вст , E ) „ме ge 
1 при х з 3 1 
ri с +2 =с= = = ==, ع‎ = 
$5, (d) : Since, f(x) is continuou | а+2=с 2 2 2 2 
(£P -1)tzn kx (9 : We are given that f (x) is continuous at x ej Also, value of b does not affect the сопу of f( 
3 2 „(9:9 | , nity of fis; 
Lm {= 50) р . f b can be any real number. ns 


gi avi 


ва т + 0. 


74. 


B y 
яв 


T 


SÉ acis ES]. 75. 
1 + tan х) ах 
5 Peake pu Е 7e 
56. (0) : We have, f(0) =1 ; = lim 
اڼر‎ 


و( لکا 
T | нз п-п) fer | i : :‏ 
Р 84. (d): sinz +созСу=1‏ 


y 
èg 


y 
| 
" 


=-чаук у) 


в 
bal 
= 
ў 
"wc 
1 
5 


= lim (х+1) =1 
x => 


x€—|-lm|x*- 
x) x x 60. (a): We have, x = (t), y = g(t) 
= Шт(х+1)=1 & ф 
£ 5 rand = g' 
х-0 = 7 S(t) ал di g(t) 


x xf 4 


lim f(x) = lim 
х9 х-70 


f(x) is continuous at x = 0. 2 
' 78. (a): Let y= 1-совх _ # (| 


сок 
1+ созх FS 


57. (d):Given, f(x) = " iscontinuous at x =0 
э Фу) в) в): у") dr 


э LHL = ЕНІ = Д0) atx=0 
42 V2 


у 


AL ш Y m 


d (2 - у log x) 


86. (X) : We know that for all 


x«lo "(5.0 sinx < 1 
2 2 


=> {sins} =0 
ло Шт [sing] = 0 
x 


x 


а 
2 


Thus, we see that the Reason is not true 


R 
ПР КИЧИН 
Also, | P sinz r 1 


x 
J is not continuous af x = 7 
2 


87. (а): Reason is a standard result 


Also fim f(x) = hm(121)* 2 
11 х-э1 


and lim f(x) = lim 3.1 


13] rl 


lim f(x) lim fir) 
1-51 EM 


= fis not continuous at à = 1 
=» fis not derivable at x = 1 


= я ye! 
$8. (4): For а <0, ۴ rl) 0 Ca : 


(тезу | 
$9. (с) : We have, y = cx | те | 


wit 


Let x = cot фамі Ja = cotê 


Then OM bree 
у= со кыйырды ~ 


| $-9- cot "1- ot 
ool 6 - cote 


(a) : 2% + logixy) + соѕ(ху) + 5 = 0 
ху # 14 4 
€ ° (а) -————{ге)- str xy) — {xy} = 0 
а (xy) dx ét 
1 
*-——-9m1iy))be0 
ту ا‎ 


(From Reason 


44 


coef) ma? 


alam uncu 


^ f A 
as | wena) "т р 7, 


va 


ontinuity and Differentatiity 


fis) « 4» "M x20 
97. ба): fti - 
в, M 1<0 


*, W 120 
U reg 


голе ё еки р 
пч) =€ Ml LHD 


|. 
га 
pe 


an la] „= owt 1$). v 9 bre ) 


^? e f" (out sl cone? р) 


(«ес t tomen к csi] 


f (sut a)i сте (| 


H~ eomm г ect nj 


75 


Assertion & Reason both are true & Assertion follows 


Reason 
93. (a): 


x,if x 20 


1) = 
ha -x,if x «0 


L x>Oie. hl x»0 
Га) = х 


“1, да v<o 
x 


= чи #0). 


100. (b) : Дк) = | *2| + [x - 5| 
7-1x, x«2 

= fix)» E 25555 
20-7, х>»5 

Assertion ре 0. True 


Reason | f is continuous in (2, 5], differentiable in 
(2, 5) and Д2) = f(5). True 


But Keasen is not the correct explanation of Assertion, 


INTRODUCTION 

» Derivative is defined as the change (increase ОТ 
decrease) in the quantity such as motion. We 
have studied about the computation of derivatives 
ie, how to find the derivatives of different functions. 
In this chapter we will see how and where to apply 
the concept of derivatives. It is used to find the 
maximum or minimum values of a function, solve 
many engineering and science problems. 


INCREASING AND DECREASING 
FUNCTIONS 


Increasing and Decreasing Function on an 

Interval 

> Increasing Function : A function f(x) is said to be 
increasing function in an open interval J C domain 
D, if x, <x, in] = f(x) £ fx), where x, x, € I. And, a 
function f(x) is said to be strictly increasing function 
on I, if x, <x, in I = f(x) < Дх,), where x, x, € I. 
Decreasing Function : A function f(x) is said to be 
decreasing function in an open interval 1 C domain 
D, if x, < x, in] = fix) 2 f(xy), where x, x, € I. And, a 
function f(x) is said to be strictly decreasing function 
on J, if x, < x, in I = flx,) > f(x), where Xp% EL 
X 


Increasing and Decreasing Function at a Point 


> Increasing Function : f(x) is said to be increasing 

function at a if there exists an open interval 
=(a-h,at 

I= (a - h, a + h), В > 0 such that for Xy X, EL x, < x 


inl = Ла) $f (x). e 


» 


Decreasing Function : f (x) is said to be decreasing 
function at a if there exists an open interval 
1=(a-h,ath), h > 0 such that for XX EI x 

лї > f(x) 2/0) 
Similarly for strictly increasing and шу су 

decreasing functions. я 


1 


First Derivative Test for Increasing and 
Decreasing Functions 


differentiable on (a, b). Then 

f is increasing in [a, b] if f'(x) > 0 for each x € (a, b) 
f is decreasing in [a, b] if f'(x) < 0 for each x € (a, 

f is a constant function in [a, b] if f'(x) = 0 for ea 

x € (a, b) 


Points to Remember 


> 


Дх) is strictly increasing in (a, b) if f '(x) >0 Юг. 
each хе (а, 6) РА 
f(x) is strictly decreasing in (a, b) if f ’(x) < 0 for 


each x € (a, b) uh 
A function will be increasing (decreasing) in Rif it: 
is so in every interval of R. ` 


TANGENTS AND NORMALS 


> 


(xy Хо) is given by 0-у)-(2 
дх 


ду, < 
(tan@= z is the slope of tangent to the curve) | 


Equation of normal to the curve y = f(x) at the 
(хо Yo) is given by 


Application of Derivatives 


(Normal is perpendicular to the tangent, s ; 
negative and reciprocal) : спец 


Points to Remember 


> 


If the slope of the tangent is zero, then tan = 0 
— Ө = 0, which means the tangent line is parallel 
to the x-axis. 


T 
=—, then tan Ө 4 со, which means tangent is 


2 
perpendicular to the x-axis i.e., parallel to y-axis. 


MAXIMA AND MINIMA 
Let f(x) be a function defined on an interval I. 


> 


Maximum Value of a Function : f(x) is said to be 
maxima in I, if there exists a point х,Є [ such that 
f(x) > fix) Vxel. 

Point x, is called point of maximum value of f(x) in 
I and f(x) is called maximum value of f(x) in I. 
Minimum Value of a Function : f(x) is said to be 
minima in 1, if there exists a point x, € I such that 
f(x) < fle) V x EL 

Point x, is called point of minimum value of f(x) in I 
and f(x) is called minimum value of f(x) in I. 
Extreme Value Function : f(x) is said to have an 
extreme value in I if there exist a point хє | such 
that f(x,) is either a maximum or minimum value 
of f(x) in I. Point x, is called an extreme point. Ах) 


is called an extreme value of f(x) in I. 
Y Y 


LOCAL MAXIMA AND LOCAL MINIMA 


Let f(x) be a real valued function and x, be an interior 
point in the domain of f, then | 
(i) x, is called a point of local maxima if there exists an 


h> 0 such that f(xy) > Дх) V x € (x, = А, x, *h) 
fix) is called the local maximum value of f. 


(ii) x, is called a point of local minima if there exists an 


h > 0 such that (xy) < Дх) V x €(xy - Xo * h) 


» 
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а Point : A point a in the domain of a function 
fix) is called a critical (cr turning) point of fix) i 
15 differentiable ata and Ра) yt 4 M таа 


Methods of Finding Local Maxima and Local 


Minima 


> 


First Derivative Test : Let fiz} be a function defined 
оп an open interval f and fix) be continuous at a 
critical point x, in I, then 

If f (х) changes sign from (+уе) to (-ve) te, f (x) »0 
to the left of x, and f (x) < 0 to the right of xy then 
x, i5 a point of local maxima. 

If f (x) changes sign from (-ve) to (*ve) ге Да) «0 
to the left of x, and f(x) > 0 to the right of x, then 
x, is a point of local minima. 

If f'(x) does not change sign to left of x, and right of 
ху then x, is the point of neither local maxima пог 
local minima. Such point is called point of inflexion. 
Second Derivative Test : Let /(x) be a function 
defined on an interval / and xy I. Let f(x) be twice 
differentiable at x, then 

ЕР) = 0 and /"(x,) < 0, then x, is a point of local 
maxima and ҳх,) ts local maximum value of Дх). 

If f(x.) = 0 and /"(x,) > 0, then x, is a point of local 
minima and (хо) is local minimum value of f(x). 

If (е) = 0 and f”{x,) = 0, then test fails. (In this 
case, we го back to the first derivative test and find 
whether x, is a point of local maxima, local mintma 
or a point of inflexion). 


ABSOLUTE MAXIMA AND MINIMA 


» 


Let f be a continuous function on an interval I = [a, b}. 

Then fhas the absolute maximum value and fattains 

itat least once in I. Also, fhas the absolute minimum 

value and attains it at least once in I. 

Let fbe a differentiable function on a closed interval 

I and let c be any interior point excluding end points 

of I. Then 

() (9 = Oif fattains its absolute maximum value 
atc. 

(Ш) f (¢) =O i£ f attains its absolute minimum value 
atc. 

Method of finding absolute maxima and absolute 

minima 

Step 1 : Find all the critical points of f in the given 

interval. 

Step 2 : At all these points and at the end points of 

the interval calculate the values of f. 

Step 3 : ldentify the maximum and minimum 

values of f out of the values calculated in Step 2. 

This maximum value will be the absolute maximum 

value of fand the minimum value will be the absolute 

minimum value of f. 


Дх) is called the local minimum value of f. 
سس‎ M 


+ 4 5 
2) Multiple Choice Questions (MCQs) 
: ynd the minimum value of fix) = 23 


" netion, Ў 
212 — Gr + 5 із an inctvasing function 

О<у< 1 Фу -1«x«1 
1 


(4) -1<32<-5 


x*«-lorx»] 


Find the interval in which 
f(x) = log (1 + x)- کے‎ is increasing 
i lex 

(b) (- x, 0 


(с) (-«. 3) «D. None of these 


(а) (0, ж) 


я ! c "s in 
3. The function Ах) = cot бс * г Increases © 


the interval 
(а) (l, =) 


(—. a) 


©) (-1, =} (0 0, =) (4 


be 

4. The function f(x)= —— increases tR the 
La x 

interval 

(а) m ~) 


{0 te, =) 


(b) (0 e) 

id) None of these 
5. The value of & for which the function 
Ax) = sinr - bx + cis decreasing for ге Ris given 
by 

(а) b«1 (b) 621 

6. Find the slope of the normal to the curve 
y! = Bx which passes through the point, 4) 

(а) 1 (b -1 (o 0 

7. The equation of the tangent to the curve 
¥ = €^ at the point (0, 1) is 

(а) ye lade (>) l-y=2s 

(<) »y-122: 4) none of these 


8. Tangents to the curve y 2 x! * durat x -- 1 
and x= J are 

(а) parallel 

(b)  interserting obbquely but not at an angie of 45° 
(с) intersecting а: might angles 

(d) intersecting at an angle of 45° 

9. The equation of the tangent to the curve 
y= (4-7? at x= 2is 

(a) x=-2 (b) x 

10, The equation of the normal to the curve 
у= an zat (0, 0) is 

fa) хх0 

(б) »70 


n 


LAE 3 
+ дотла the interval 1, 3] 


(yy 75 (с) 59 


e v 2 x! ^ at (0, 0) has 


(а) “5 


E] he cure 


T vertical tangent (parallel to улдуу. 
tal tangent (parallel to rax) 


(a) awr 
(Ь) а hon? 

an oblique (Anse t 
qo tangent 


_ The peint 
ver lore tear parallel to x-axis are EE] 
g-a clI N 0, 34), (-2, 0] 8 
(0 w. an. C2. 0) «D (2. 2), (-2, 34у — 


14. The slopeoftangent tothecurvexz tta gr 
oy = 2: - 5 at the point (2. -1) is 
-6 
© = 


(а) 


(ау ا‎ e» [-2, -1] 
(ер (+ ( [-1. 1] 

16. Let {> R— R be defined by fix) = 2 + 
then f 3 
(a) has a minimum atr = д 

(b) has a maximum. at x = 0 

(с) is a decreasing function 

(d) i$ an increasing function ; 
17. у = xix ~ 3)* decreases Гог the values 
given by 2 
(a) 1<х<3 (b) x <0 


3 
19) О<а<- 


ic) 1>0 
18 Which of the following functions is фес 


х 
on Q = | 
5n2r (b) їапх (с) cosr 
The function fix) = tanx- x 
always increases 
always decreases 
never increases 


Sometizies increases and sometimes ded 


sar which the tangents tothe gaat 


appii ater of Гесикчия 


go. 1f xis real, the minimum «alge of r? _ г» 


4 0 
td) 2 


of the polynomial 


(t) 0 
(d 160 


—. Ax) = 2 дам е 3 3و‎ ie 
е 


maximum 
zero 

neither maximum nor minimu 
fix) = x" has a stationary point at 


{d} 
is x«l (4) xz e 
24. If fix) = x? Gr? + $x + 3 be а decreasing 
function, then x lies in 
i. -D AG x) (bb (là 
(d) None of these 


(а) 
с) (3. x) 
25. The function Дх) = 1 - х*— Y^ is decreasing for 
(b) x si 

(d) all values of x 


(a) 15х55 
{з xz! 
26. The length of the longest interval. in which 
the function З sin x — Asin ris increasing, is 


(b) - id) x 


27. 3х2 - бх + 3 is an increasing function, if 
(a) О<х<1 (b) -14x«1 
i 


(d) -1«x«-- 
^ 


(с) х>1 


(а) always increasing 
(b) always decreasing 
(c) increasing for certain range of x 
(d) None of these 
r г - + E 
29. The function f defined by Ax) = а“ - 251 
is increasing for 
fa) х<1 (b x»0 (0 


30. The interval in which the function 
ута? + 5Ç - 1 із decreasing, ts 


(а) 3 (5) (0. 10) 


(c) (28.9) (d) None cf these 
3 


or wh 3 2 
31. For what ale ы] « Rin v o pes! + و‎ 
s Secteasing та” 
fa) 23 


t) 8 id) Cannot save 
ha ама $ 
32. The sape sf the tangest te the cutre t£ 2. а 
| { 
MAT, yo wl okt * bg 


| 


Hj 
а V 24 the punt T ua 
1 


13) tant fbi см f 
dd) Nane of these 
t the parabela к°п 


А : 
Auk the rane an engle of 


„= 


x" id er 


34. The tangent to the curve ут 207 


paralel to the hae ез 3r + 9 at the pant 


R-U 


ta! > к] 
(ct 1 id} (2, 5 
3$. The pont on the curve 17 = r, where tangent 
makes an angle of 45" with the X-axis за 

3 


he normal to 


7. The equation of the tangen 
y = фах at the point (or, fat) ia 
гу = ۽‎ +015 ғ х- «7 
б) 1х += ہہ‎ (4) Nome of these 
38. Tangents ta the curve x^ + y? = 2 at the 


рей» (1, 1) and (- 1, 1) are 
perpendscular 
intersecting but mot at nght sagles 
none of these 


ind she maximum value of fix} = идеи) 


40. Find all the points of оса] maxims and baral 
minima of the fonction fix) = ir- 1)* tx 07 
{a} .-U5 ib) 1, -1 


L 
б) 1.-E id} -1, 
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If y 2 334 а? + x + 1. theny 
(a) has a local minimum 
(b) has a local maximum 
(c) neither have a local minimu 
maximum 
(d) None of these я 
42. It is given that at x = 1. the function 
5 — 6242 + ах + 9 attains its maximum value оп 
the interval (0. 2]. Find the value of a. 
(a) 100 (5) 12 (c) 140 P 160 


43. The function f(x) = 3? - 5x* + 5i? – 1 has 
(а) one minima and two maxima 

(b) two minima and one maxima 

(c) two minima and two maxima 

(d) one minima and one maxima 

44. Divide 20 into two parts such that the 
product of one part and the cube of the other is 
maximum. The two parts are 

(a) 10,10 (b) 12. 8 

(с) 15,5 (d) none of these 


m nor local 


45. The function Joss has 
x 


(a) alocal maxima at x = 2 and local minima at 
x--2 

(b) local minima at x 7 2, and local maxima at 
x=-2 

(c) absolute maxima at x 
minima at x = -2 

(d) absolute minima at x 
maxima at x = -2 

46. The angle between the tangents to the 

curve y = x? — 5x + 6 at the points (2, 0) and 

(3, 0) is 
д д л л 

(а) 6 (b) Fi (c) 3 (d) 2 

47. If the line joining the points А(0, 3) and 

B(5, -2) is a tangent to the curve у(х + 1) = c, 

then с = 

(а) 1 (b) 2 (c) 3 (d) 4 

48. The tangent to the curve xy = 6 at P(2, 3) 

meets the coordinate axes at A and B. The ratio 

in which P divides AB is 

(а) 1:2 (b 2:3 (0) 3:2 (4) 1:1 

49. The function у= 2x*~Jn|x], х #0 decreases 

when хе 


(а) (-1, 1) 


2 and absolute 


2 and absolute 
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o (ЗМ) 1 


3 + bx? + cx + d and 0 < pee 
х) = х 
m interval (755 co), f(x) is 
а) strictly increasing 
Pn has a loc? al maximum 
(c) strictly decreasing 
(4) bounded 3 T Е a 
51. S ‚п. Then P(x) hae 


a, >0.1= 
(а) neither maximum nor minimum 


(b) only one maximum 


(c) only one minimum 
(d) one maximum and one minimum 


52. If the normal to the к= Y = f(x) at the 
2. 4 
point ( 
y-axis. then / (3) is equal to 
ELAS 
® -7 


"T 
У 
E 

1 


(a) -1 


2 
53. The function f(x) = 3- 4x + 2x 


(a) increasing on R 

(b) decreasing on R > 

(с) neither increasing nor decreasing 
none of these 


1 
х--, 

х 
increasing for all x € R 
decreasing for all x e R 
increasing for all x € (0, оо) 
neither increasing nor decreasing 


f (x) = x -[x] in the interval [0, 1] is 
increasing 

decreasing 

neither increasing nor decreasing 
none of these 


The function f(x) = 


=-x? + За? + 19х- 518‏ ر 
а) 15 (0) 12 (9 0 a‏ 
The absolute minimum value of f(x) = 2 sin‏ .57 
in | 9| is‏ 
,0 
2 
(a) -2‏ 


(b) 2 (c) 1 


58. The least value of the function fla) = = ax, 
(а > 0, b » 0, x > 0) is 


(a) dab (b) 2Vab (с) 20 


3,4) makes an angle —— with the positive | 


Application of Derivatives 


59. If the minimum value of a із 4/2, such that 
the function f(x) = х2 + ax + 5, is increasing in 
п. 24. Then the value of k is 

(a) -4 (b) 2 

(c) 4 (d -2 


81 
60. The curve y= 


angle coc 1e ы 
igle соф‘. 3 1' then sum of possible values 


intersecta the y-axis at an 


of 'n' will be equal to 


(a) 1 (b) -4 (с) 4 


2) Case Based MCQ ум + 


Case І: Read the following and answer any four 
questions from 61 to 65 given below. 

Megha wants to prepare a handmade gift box 
for her friend’s birthday at home. For making 
lower part of box, she takes a square piece of 
cardboard of side 20 cm. 


61. If x cm be the length of each side of the 
square cardboard which is to be cut off from 
corners of the square piece of side 20 cm, then 
possible value of x will be given by the interval 
(a) 10, 20] (b) (0, 10) 

(c) (0,3) (d) None of these 

62. Volume of the open box formed by folding 
up the cutting corner can be expressed as 


(а) V= х(20 - 2х)(20 – 2x) 
©) V= 2Q0«30- 


() V= : (20 — 2x)(20 + 2x) 


(d V= x(20 – 2x)(20 – х) 
dV 


63. The values of x for which ae = 0, are 


(b) 0, — 


% 


(с) 0, 10 (d) 10, Е 


64. Meghais interested in maximize the volume 
of the box, So, what should be the side of the 
square to be cut off so that the volume of the 
box is maximum? 


(a) 3,4 


(c) 10 cm (d) 2cm 


(a) 12cm (b) 8cm 3 


The maximum value of the volume is 


(b) cm? 
27 
16000 

(9) ——— cm 


3 


Case II : Read the following and answer any 
four questions from 66 to 70 given below. 
Western music concert is organised every уеаг 
in the stadium that can hold 36000 spectators. 
With ticket price of € 10, the average attendance 
has been 24000. Some financial expert estimated 
that price of a ticket should be determined by the 
x 


15- ——. where x ts the number 


function p(x)- 
А 3000 


of tickets sold. 


The revenue, R as a function of x can be 
represented as 


< (b) 15-— 
3000 3000 
m. .(d) 15х- es 
30000 3000 


67. The range of xis 
(a) [24000, 36000] (b) [0, 24000] 
(c) |[0, 36000] (d) none of these 


2 


The value of x for which revenue is 
maximum, is 
(a) 20000 (b) 21000 
(с) 22500 (d) 25000 


82 


69. When the revenue is maximum. the price 
of the ticket is 

(a) 75 (b) $5.5 

(с) T7 (d) & 7.5 

70. How many spectators should be present 10 
maximize the revenue? 

(a) 21500 (b) 21000 

(c) 22000 (d) 22500 

Case III : Read the following and answer any 
four questions from 71 to 75 given below. 

A magazine company in a town has 5000 
subscribers on its list and collects fix charges 
of 2 2000 per year from each subscriber. The 
company proposes to increase the annual charges 
and it is believed that for every increase of 1. 
one subscriber will discontinue service. 


71. If x denote the amount of increase in annual 
charges, then revenue В, as a function of x can 
be represented as 

(a) R(x)- 3000 x 5000 хх 

(b) R(x)- (3000 — 2x) (5000 + 2x) 

(c) R(x) = (5000 + x) (3000 — x) 

(d) Rx) = (3000 + x) (5000 — x) 

72. И magazine company increases € 500 as 
annual charges, then R is equal to 

(a) ? 15750000 (b) * 16720000 

(с) 2% 17500000 (d) 2 15000000 

73. If revenue collected by the magazine 
company is ? 15640000, then value of amount 
increased as annual charges for each subscriber, is 
(a) 400 fb) 1600 

(c) Both (а) and (b) (d) None of these 

74. What amount of increase in annual charges 
wil bring maximum revenue? 
(а) Z 1000 (b) ¥ 2000 (с) Z 2000 (d) ¥ 4000 
75. Maximum revenue is equal to 
(a) & 15000000 (b) 2 16000000 
(с) 2 20500000 (d) 2 25000000 


mee CBSE Boar 
А а the following and answer 
Misco ^^ 76 to 80 given below, 
es buildings (represented by is 
osite side of a 20 m wide 


Case I any 


four qu 
Two mul 
and BQ) are оп орр 
at point А ant © 
on road as show 


ti-storey 


n in figure. 


P, 
Е 


А-х т »Ё-——(20-х)уш-—>В 
4— — 20 m ——— 


Area of trapezium ABQP is 
380 sq. m (b) 280 sq. m 
320 sq. m (d) 430 sq. m 
The length PQ is 
20.5 m 
20.88 m 
78. Let there be a quantity S such that 
S = RP? + RQ, then S is given by 
(а) 22 - 40х- 1140 (b) 2x + 40x + 1140 
(c) 2x?— 40x + 1140 (d) 2х + 40x — 1140 
79. Find the value of x for which value of S ig 
minimum. 
(a) 10 (b) 0 (c) 4 (d) —10 
80. For minimum value of S, find the value of 


PR and RQ. 
(а) 18.50 m, 19.36 т (b) 18.86 m, 24.16 m 


(c) 17.56 m, 23.29 т (d) None of these 


(b) 19.80 m 
(d) 21m 


Case V : Read the following and answer any four 
questions from 81 to 85 given below. 

An architect design a auditorium for a school 
for its cultural activities. The floor of the 
auditorium is rectangular in shape and has a 
fixed perimeter P. 
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à 3 road 
4 B respectively. There is a Point D 


Application of Derivatives 


g1: Их and у represents the length and breadth 
of the rectangular region, then relation between 
the variable is 
(a) x*» cd 
(c) 2«+ Nad 
g2. The area (A) of the rectangular region, asa 
function of x, can be expressed as 
x 


Рх+х? 
= 25 А = 
А Рх+ (b) 3 


-2х2 
(с) me -2 (à) А-2 + م‎ 


(b) 322522; 
(d) x+2y=p 


(a) 


83 


School's manager i 
ger is int ndis аъ 
the area of floor ‘4° Interested in maximize 


for thi + 
value of x should be T Чиз to be happen. the 


(a) P (b) А (с) Е (à) — 
3 

84. The value of Y, for which thi x 

is maximum is UB i 


(а) — (b) = Ex 
2 ) 3 (c) Р 


85. Maximum area of floor із 
p p 
a) — — — 
( T (b) > (с) 1 (d) 


(4) 


2) Assertion & Reasoning Based MCQs 


Directions (Q.-86 to 100) : In these questions, a statement of Assertion is followed by a statement 
of Reason is given. Choose the correct answer out of the following choices : à 

(8) Assertion and Reason both are correct statements and Reason is the correct explanation of Assertion. 

(b) Assertion and Reason both are correct statements but Reason is not the correct explanation of Assertion. 

(c) Assertion is correct statement but Reason is wrong statement. 

(d) Assertion is wrong Statement but Reason is correct statement. 


86. Assertion : The absolute maximum and 


minimum values of f(x) = Дъх in Е j fe E 
and 0 respectively. 


Reason : Let f be a differentiable function on 
I and x, be any interior point of I. If f attains 
its absolute maximum or minimum value at xp, 
then (хо) = 0. 

87. Assertion : Both sin x and cos x are 


A р . (n 
decreasing functions in (Es) 


Reason : If a differentiable function decreases in 
(a, b), then its derivative also decreases in (а, b). 
ае +Ье * 


88. Assertion : If the function f(x)- 


сех «de * 
is increasing function of x, then bc > ad. 
Reason: A function f (x) is increasing if f'(x) > 0 
for all x. 

89. Assertion : Let f : Е — R be a function 
such that f(x) = x? + x? + 3x + sin x. Then, f is 
an increasing function. 

Reason : If f (х) < 0, then f(x) is a decreasing 
function. 


90. Assertion: The graph y = 32 + ax? + bx + c has 
extremum, if a? « 3b. 
Reason: A function, y = f(x) has an extremum, 
if LA) or dro for allxeR. 

dx dx 
91. Assertion : The points on the curve 
у? =x+sin xat which the tangent is parallel to 
x-axis lies on a straight line. 
Reason: For a function y = f(x) = 0, if tangent 
is parallel to x-axis, then 


92. Assertion : If /'(x) = (x — 1)%(х – 2)5, then 
f(x) has neither maximum nor minimum at x - 2. 
Reason : f'(x) changes sign from negative to 
positive at x = 2. 

93. Consider the function 


r 
|sinx| for 0< |x| <= 


Ло, $ 
т for x=0 
2 


Assertion : f has a local maximum value at 
x-0. 
Reason: / (0) = 0 and f(0) < 0 
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94. Consider the function fin = x^, xe R 


Assertion : f has a point of inflexion at x = 0 
Reason : /7(0) = 0. 


95. Assertion : A window has the shape of a 
rectangle surmounted by an equilateral triangle 
Ifthe perimeter of the window 1s 12 m, then length 
1.782 m and breadth 2.812 m of the rectangle wil 
produce the largest area of the window. 

Reason : For maximum or minimum. f(x! = 0. 


96. Assertion : The points of contact of the 
vertical tangents tox 25-3c0«0, y = 3 + 5 sin Ө 
are (2, 3) & (8, 3). 
Reason : Е, "T dx 

eason : For vertical tangent = 0. 


97. Assertion : Two curves ах? + by? = 1 & ах 


+ b'y? = 1 are orthogonal if 


L 0 (): Пейо) © 2° -6х+5 

On differentiating w.rt. x, we get f'(x) = 6r - 6 
Since, it is increasing function 

=> 67? -6>0+9 (1-1)(х+1)>0-»х>10гх< -1 


2. (а): Here, f(x} = Se 

0x) 
So, critical point is x = 0 only. 
and disjoint intervals are (-х, 0) and (0, x). 
So, f(x) is increasing in (0, <) and decreasing in (<, 0). 
3. (4): fix) со а +x 

2 
-l ” x 
+12 f'(ixj- 

l+x* 1+22 


“ f(x) is increasing on (е, ес). 


=> f'x- 20, forxeR 


4. (с): у(х) = z 
log x 


is defined for x > 0 and x 2 1 

1 
log x 1-х- logx at 

Also, /'(х)= t= 

(log x) (log x) 

^ Ло) > 0 = юрх > 19 x >€ с. xefe w) 

5. (с): flx) = sinx = bx + c 

= f(x) = cosx - b <0 forall x eR 

Hence cosx < b = b » 1. 


6. (b): We have, y! = 8x 
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we 


: Two cu ; 
predact of thei 


mes intersect orthogonally аф 
Reason r slopes at that Point 


a point if 


is-1 Ho x 
& Assertion : ffo = тах{!х1, 18 p mU 
es а пита value of fix) in the interva] 
then i 
[- 3. 3] 15 2. E 
Reason : If 0) changes sign from negative 
eason : M 
to positive as x increases through a, then a із à 
о pest 


point of minima 


1 АА x 
99. Assertion : /(х}= x7 is decreasing 


vxeR-i6 _ 
Reason : а) < Ox (. , 
100. Азсег оп : Let Ах) = xî + ax + bx + 5вїп?х, 


then the condition that f(a) is always one-one 


function is a* - 3b + 15 < 0. | | 
Reason : fix) to be one опе either / 15 епїїге]у 
increasing or entirely decreasing. 


Slope of normal = -1 


27 =3x7 +3 = slopes of tangents at 
dx ey 
x = 1 and x = -1 are equal. Hence, the two tangents аге 


parallel. 
—4х 


dy 2 
9. 2 Z (4- 
(b) 3 (4-х) 


-из 


(2) 
dx 2,0) 


to the given curve at x = 2. Hence, the equation of the 
tangent at x = 2 is x = 2 (the vertical line through (2, 0)). 
dy : 


10. (b): Since РЕ 7 COS X, therefore, slope of tangent at 
Ix 


(0, 0) = cos 0 = 1 and hence slope of normal at (0, 0) is - 1. 
Equation of normal is y - 0 = - 1(x - 0) =» x + y =0 

11. (b): We have, f(x) = 2x? - 24x + 107 in [1,3] 

= Ра) = 6-4 

Now, f(x) = 0 = 6x7 - 24 = 0 = x = +2 

But, x = -2 e [1,3] 

So, x = 2 is the only critical point 

Now, f(1) = 2 - 24 + 107 = 85 

Д2) = 20? - 24 x 2 + 107 = 75 

and f(3) = 2(3) ~ 24(3) + 107 = 89 


ation of Derivatives 


pent the marinum value of flv) is 89 at + = J arid the 
wm value is 75 at x = 2 


inim 
m Uus 


12. (a): Given y i 
Ау and (2) - 06 
dE EE dx оду 


Hence, tangent is perpendicular to x-axis and parallel to 
yaus 


13. (d): Giveny= х? -12х*18 = Z-s- 


Tangent ts parallel to x-axis, 


5 "AD => 3-122025 х=+2 

ax 
when x= 2 when x= -2 
ү=8-24++18=2 y7-8*21*18234 
; Points are (2, 2) and (-2, 34). 
14. (b): Given, х= P+ 31-8, уж2? -21-5 
at (2,-1), P+3t-8=2 
and 22-21-5=-1 
Solving (i) and (ii), we get t = 2 
.. dy дута 4t-2 
Now, je 7 ахта 2t+3 3 
15. (Ы): f(x) = 20 +952 + 12x -1 
f(x) = 6x? + 18x + 12 = 6( + 3x + 2) = 6(x + 2)(x +1) 
For decreasing function, f'(x) < 0 
6(x + 2) (x +1) <0 
(х+2)(х+1)<0 = -2<х<-1 


ES 
7 


=> 
16. (d): f(x) = 2х + cos x 
f(x) =2-sinx 
We know that, – 1 < ѕіпх<1 
-ls-sinxs1 = 1$2-sinx<3 
= f(x) >0 .. f(x) is always increasing. 
17. (a): y=x(x- 3? 
= Ф vue» 
ах 
= (x - 3)(2x + x - 3) = (x - 3)(3х- 3) = 3(x - 3)(х- 1) 
For decreasing function, 
= (x-3)(x-1)<0 = 1<x<3 
18. (с) : f(x) =cosx = f'(x) =-sinx 


In interval (б. z) ‚ sin x is positive 


s f'sov хе (7) 


n 
.. f(x) is decreasing in (o. z) 
19. (а): f(x) = мпх-х 
= f'(x) = вес?х-1 =!ап?х 
tan^x is always +ve, во f(x) >0 1, f(x) always increases. 


20 feb: Let Arye їй „ө „ү; ey iat зА 
{тї Tr - 

For minimum Of maximus, are hase by 

= Delr-+8 apeg : 


Now f” (а) = 2 
Atr=4 f^(x) s * ve 


d.e 
М, 


Y = 4 is local minima pomt 
Minimum value = Б. a Hei elTe} 
(bj: Ae) = cà - {FF + оу 
ft = 38 <hr » 96 
990» d -12: 32-0 ээ ге 9.4 
Now, КО) = 0, #4) = 160, AS) = 123. #9) = 135 
So, smailest value of Ax) sO at r = 0, 
22 (4): Ac) = 2 an х *3cos Xx 
f(x) 2 2 cos 31-3 + М- ип 31.3 
f° (а) =6 cos 3t - Э ад 3e 
For maxirna от minima, а) = 0 
=> 6cos3x-9sm3x=0 


. : 5л 
- Ах) is netther тах. nor min. at x = 2 


6 
23. (b): We have, fx) = г 
= Р(х) = zr (1+ log x} 
For stationary point, f(x) = 0 


= r(t*lgzjs0- x= 


24. (b): Given, fr) 2 2 - 6&2 + 9x +3 
г Ра) = 12-100 +99 302-4: +3) 
For decreasing, Р(х) < 0 
= (х-3)0х-1)<0 и. хе (1,3) 
25. (4): Given. f(x) = 1- 2-3 
Differentiating wrt х, we get 
Ро) =-3¢-50 
э f(x) =- GF + 850) f(x) <0 for all values of x 
26. (a): Let fx) =3sinx - Asin! x = sindx 


Since, sin x is increasing in the interval |- Е ы | 


& - <3xs 
2 


Thus, length of interval = ы - (- 4 „= 
19 ° à 


27. (Оз Let Ax} = 3x7 - 6x +5 
Differentiating w r.t, x, we get (Y) = бх - 6 
Since, it is increasing function, 

=> бх-6> 0 хә (х-1) »0x»1 

28. (a): Ду)=х+5зштү 

Ditferentiating, we get f(x) = 1 + cos x 
Ро) 30 tor all values of x 
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Thus, f(x) has minima at X 


- Minimum value of f(x) 

b f 

at = Ма + Маб = V2ab 
vb/a 

59. ():Given Да) = а? + а + 5-» f(1) = 2*4 
Since х e [1,2]=51<х<2 
=> 252154 =2t+as2rtasdta 
Since, Дх) is increasing in [1, 2 
=> f(x20 
=> 24a20 = 42-2 


-k 
Minimum value of ais -277- = hed 


60. (a): Point of intersection of y = 2/7 with y-ais 15 
(0, 2). 
= Slope of tangent at (0, 2) is [ 


dx ko) 
of y-axis is not defined (ее) 

If 0 is angle of intersection, then cot 0 = 4 
= 0=со ly 


-1!8п—4! 


Now, cot 3 -cotl4 


-4 
= ~——=1t4 = n=2,-1 
3 


Required sum = 2-1 =1 
61. (b) : Since, side of square is of length 20 cm, therefore 
хе (0, 10). 
62. (а): Clearly, height of open Бох = x cm 
Length of open box = 20 - 
and width of open box = 20 - 2x 
- Volume (V) of the open box 
7 x x (20 - 2x) x (20 - 2x) 
63. (d):We have, V = x(20 - 2x)? 
= = x-2(20 
7 2 
= (20 - 2x)(—4x + 20 - 2x) = (20 - 2x)(20 - 6х) 


dv 
Now, — =0 = 20-2x=0 or 20-6x=0 


dx 

= x-7]10 ог S 
64. (c):We have, V = x(20 - 2x)? 
and av = (20 - 2x)(20 - 6 

dx (20 - 2x)(20 - 6x) 

ay _ 
= ту 700-2966) + (20-62)(-2) 
= (-2)[60 - 6x + 20 - 6x) = (-2)[80 - 12x] 24x - 160 


-23)(-2) + (20 - 2x)? 


), 
and fora” 10, = 
10 
i Ч мале --, 
lume will be maximum when ^ 
So, volu 3 


d) : We have, 
es. (2) 0 


henr > 


3 


maximun wl 


Maximum volume 3 


.40 16000 


=— cn 


66. (а): Letp 
of tickets sold. 
( x 


15-— |; 


Then, revenue function R(x) = рхх= mx 


n. 
215% 5000 | 
67. (с): Since, more than 36000 tickets cannot be sold. 
So, range of x is [0, 36000]. 

5 
x 
68. ():We have, R(x) = 15x- 3000 
К(х)=15- —— 
= RW 71500 
For maxima/ minima, put R'(x) = 0 


> a =0 = х = 22500 
1500 
1 


Also, R"(x) =-—— <0. 
so, R") = 7 1500 


69. (d):Maximum revenue will be at x = 22500 


л Price of a ticket = ge < 15-7.5 + #7.5 
3000 


70. (4) : Number of spectators will be equal to number ~ 


of tickets sold. 
Required number of spectators = 22500 
71. (d) : If x be the amount of increase in annual charges, 
then number of subscriber reduces to 5000 - 
^ Revenue, R(x) = (3000 + x) (5000 - x) 
= 15000000 + 2000x - х2, 0 < x < 5000 
72. (a): Clearly, at x = 500 
R(500) = 15000000 + 2000(500) - (500)? 
= 15000000 + 1000000 - 250000 = % 15750000 
73. (c) : Since, 15000000 + 2000x - x? = 15640000 (Given) - 
x? - 2000x + 640000 = 0 
х2 - 1600x - 400x + 640000 = 0 
x(x - 1600) - 400(x - 1600) = 0 = х = 400, 1600 


be the price per ticket and x be the number 


Application of Derivatives 


dR 
fo € 2000 = 2x and 
74. (а): dx 
ан 


n revenue, — #0 => x = 1000 
ог maximun T 


quired amount = © 1000 


I 


75. (b): Maximum revenue = R(1600) 
лоо + 1000) (5000 = 1000) 


-(3 
_ 4000 x 4000 = € 16000000 
1 


(a) : Area of trapezium = 2 " (sum of parallel 


76.. 
sides) х distance between parallel sides 


L «(16 + 22) x 20 = 380 m? 
2 


= 


(c) : РО? = 6? + (20)? = 36 + 400 = 436 


ро = М436 = 20.88 т 


A<— 20 m ——»B 


78. (c): We have, S= ЕР? + КО? 
Since, RP? = (16)? + x? = 256 + x° 
and КО? = (02)? + (20 - x)? = 484 + 400 + x? - 40x 
s S=2 - 40х +1140 
79. (a): We have, 5(х) = 2x2 - 40x + 1140 
S'(x) = 4x - 40 
For minimum value of x, S'(x) - 0 
= 4х-40+0 > x=10 
Clearly, at x = 10, 5“(x) = 4 > 0 
80. (b): At x = 10, PR? = 162 + х2 
= (16)? + (10)? = 256 + 100 = 356 
= 4356 =18.86m 


Also, RQ? = (22)? + (20 - 10)? = 484 + 100 = 584 

2 КО = V584 =2416m 

81. (с): Perimeter of floor = 2(length + breadth) 
=> Р=2(х+у) 
82. (с): Агеа, А 
= A=xy 
Since, Р = 2(x + у) 


= length x breadth 


83. (d): We have, Aa tcp, 4 


2 22) 
dc 2 7$x)20 


=> ГЕР Рн 


4 


Clearly, at x = EET dA --2«0 


mi 


Area is madmum at x = 


84. (c): We have, у= rate 


85. (а): We have, A = xy = 


86. (c) : Given, ftx) x i-x di} 
The given function is differentiable for all z in | -ъ-! 
Differentiating (i) w r t. x, we get 


fx. уге + 1+ 2 


А x E reges Sx7+4e 
Sa ity lek = eee, 
241+5 241+х 
7 m 5х +4. 
Now now 4—7 EP =0 
Ilex 


=> x(5x+4)=0=0x=0,-4 
4 mee | ; 1 4 

Also 0,-— both lie in | -1, = Í, therefore, 0 and — 
5 | 


> 


are stationary a 


Therefore, the absolute maximum value is = and the 


absolute minimum value is 0. 
The point of maxima is 1 and points of minima are [-1, 0}. 


(c) : We know that, sin x and cos x decrease in 


т 3 E 
Frm so assertion 15 correct. 
2 

J, 


50 
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Linear Programming : 


EZ) “Recap Notes 


INTRODUCTION 


» 


ive syste: 
Many applications in mathematics involve systems 
of inequalities or equations. In this chapter, we shall 

Ту the systems of linear inequalities/equations 


to solve some real Ше problems of different types 


LINEAR PROGRAMMING PROBLEM 


> 


Linear programming is a method for finding the 
optimal values (maximum or minimum) of quantities 
subject to the constraints when relationship is 


expressed as linear inequations or inequalities. 


ТЕКМ5 USED IN LPP 


> 


Objective Function : The linear function which is to 
be maximised or minimised under given constraints 
15 Called а objective function. 

Constraints : The restrictions or linear inequalities or 
equations on the variables of а LPP which describe 
the conditions under which the optimisation is to 
be accomplished ате called constraints. 
Non-negative Constraints : The assumption that 
negative values of variables are not possible in 
the solution are called non-negative restrictions / 
constraints. They are described as x 2 0, у20. 
Optimal Value of Objective Function : The optima] 
value (maximum or minimum) of the objective 
function is obtained at а vertex of the feasible 
region (if st is bounded). If there are more than 
one points (vertices) where the objective function 
is optimum (maximum or minimum), then every 
point on the line segment joining any two such 
vertices optimizes the objective function 


8 
x 


27. 


E 


Feasible Solution : The set of points, whose со. 


ordinates satisfy the constraints and non-negatiy (it 
of a linear programming problem, 16 said to be the 


feasible solution. Р 


Feasible Region : The common region determineg 9 


Ьу 


solution of given LPP. 
Optimal Feasible Solution : Any point which 
maximises or minimises the objective function, 


SOME IMPORTANT THEOREMS OF LPP 


> 


Theorem 1 : Let К be the feasible region (convex 
polygon) for a linear programming problem and let 
Z = ax + by be the objective function. When Z has an 
optimal value (maximum or minimum), where the 
variables x and y are subject to constraints described. 
by linear inequalities, this optimal value must occur 
at a corner point (vertex) of the feasible region. 
Theorem 2: Let К be the feasible region for a linear 
Programming problem, and let Z = ax + by be 
the objective function. If R is bounded, then the 
objective function Z has both a maximum and a 
minimum value оп R and each of these occurs at a 
corner point (vertex) of R. 


STEPS TO DRAW THE GRAPH OF 
INEQUALITIES 


> 


Step 1: Plot the graph of the inequalities describing 
the various constraints (structural) on the graph 
Paper. (Ў 
Step 2: Find the Portion of the graph paper in the 
first quadrant (of non-negative constraints) which 
15 common to the graphs plotted in step 1. Locate 


Zw. 


E! 


(е 


"m Programming 


the extreme points (Бе, corner points) of this region 
(known as feasible region), 

Step 2: Find the value of the objective function 
corresponding to each corner point. The points 
which corresponds to the optimum (i.e., maximum 
or minimum) value of the objective function 
is (are) required solution(s) of the given linear 


programming problem. 


DIFFERENT TYPES OF LINEAR PROGRAMMING 
PROBLEMS 


Manufacturing Problems 


> 


Jn these problems, we determine the number 
of units of different products which should be 
produced and sold by a firm when each products 


93 


Fequires а fred manpower, machine hours, labor 
hour per unit of product, warehou z 
Р У Warehouse space per 


unit of the output ei А 
T . ex. in OF Ger у mak 
7 10 make maximu 
profit. aum 


Diet Problems 


> In these Problems, we determine the amerant of 
different kinds of constituents / actress whith 
should be included Па diet 50 as зу menimise the 
cost of the desired diet such that it contains a certae 
rimum amount of each Consttiuent / nutrients, 
Transportation Problems 
> In these problems, we determine а transportation 


schedule in order to find the cheapest way of 
transporting a product from plazts/factoz:es 


Situated at different locations to diferent markets, 


= mm م‎ ——. 


Multiple Choice Questions (MCQs) ———————— 


line segment joining these points will s 
give the same maximum (or minimum) 


1. Optimization of the objective function is а 

process of 

(а) Maximizing the objective function . 

(b) Maximizing or minimizing the objective 
function 

(c) Minimizing the objective function 

(d) none of these 

2. Corner points of the feasible region of 

inequalities gives 

(a) optimal solution of LPP 

(b) objective function 

(c) constraints 

(d) linear assumption 


"om 
3. Minimize z= Y У сух, , subject to 


}=\ а=! 


У ty =â; i= 1, 2,..., m and Èx =b,, j=1,2, n 
jal i=) 
is an LPP with number of constraints 
(a) mtn (b m-n 
де 
п 
4. Which of the following term is used in a 
linear programming problem? 
(а) Decision variable 
(b) Objective function 
(с) Feasible region 
(d) All of these 
5. А set is said to be convex if 
(a) all points except the end points of the line 
segment inside the set lie inside the set 
(b) it is concave 
(c) all points on the line segment in the set lie 
inside the set 
none of these 


(c) mn 


6. Which of the following statements is false? 
The feasible region is always a concave 
region. 

(b) The maximum (ог minimum) solution of the 
objective function occurs at the vertex of the 
feasible region. 

(с) If two corner points produce the same 
maximum (or minimum) value of the 
objective function, then every point on the 


value. 
(d) None of these 
7. Which of the following statement is correct? 
(а) Every LPP has at least one optimal solution 
(b) Every LPP has a unique optimal solution, 
(с) If an LPP has two optimal solutions, then - 
it has infinitely many solutions. 
(d) None of these 
8. Feasible region for an LPP is Shown 
shaded in the following figure. Minimum of 


Z = Ах + Зу occurs at the point 
r 


(a) (0,8) (b) (2, 5) 

(c) (4,3) (d) (9, 0) 

9. In solving the LPP : "Minimize f = 6x + 10y 
subject to constraints x > 6, y 2 2, 2x + у2 10, 
x 2 0, y 2 0" redundant constraints are 

(a) x26,y22 

(b) 2x ty 210, x > 0,y 20 

(с) x26 

(d) none of these 


10. Feasible region for an LPP is shown shaded 
in the following figure. Minimum of Z = 5x + 3y 
occurs at the point 

у, 


Feasible 
pan?) Region 


Linear Programming 


(b) (2, 5) 
Ди (d) (12, 0) 
е d corner points of the feasible region 
11. Р ined by the system of linear constraints 
dete (5, Б), (15, 15), (0, 20). Let Z= px + ду, 
are c : n, q > 0. Condition on p and 4 so that the 
nia of Z occurs at both the points (15, 15) 
ma? 20) is 
ee Ы рем 
() а= 2р (9) а= 3p | 
12. The point which does not lie in the half 
plane ох + Зу - 125 0 is 
( (1,2) кен 
o 3) (d) None of these 


13. Objective function of a L.P.P. is 
(а) а constant ‚2, 
(b) a function to be optimised | 
(с) a relation between the variables 
(d) none of these. | 
14. The optimal value of the objective function is 
attained at the points 
(a) on X-axis 
Y-axis 
S hin are corner points of the feasible 
region 
none of these 
Region represented by x 2 0, y > 0 is 
first quadrant (b) second quadrant 
third quadrant (d) fourth quadrant 


Solution set of the inequality x 2 0 is 

(a) half plane on the left of Y-axis я 
half plane on the right of Y-axis excluding 
the points on Y-axis 

(c) half plane on the right of Y-axis including 
the points on Y-axis 

(d) none of these. 


17. The region represented by the inequalities 
x2>6,y2>2,2x+y<10,x20,y20is 

(a) unbounded (b) a polygon 

(с) a triangle (d) None of these 


18. The corner points of the feasible region 
determined by the system of linear constraints 
are (0, 0), (0, 40), (20, 40), (60, 20), (60, 0). The 
objective function is Z = 4x + Зу. 

Compare the quantity in Column A and 
Column B 


Maximum of Z 


95 


(а) The quantity in column A ia greater 

(b) The quantity in column B ı4 greater 

(c) The two quantities are equal 

(d) ТЬе relationship cannot be determined on 
the basis of the information supplied, 

Direction (Q. 19 to 21): The feasible region 

for a LPP is shown shaded in the figure, Let Z= 


Зх — 4y be the objective function. 
Y 


Minimum of Z occurs at 

(0, 0) (b) (0, 

(5, 0) (d) (4. 

Maximum of Z occurs at 

(5, 0) (b) (6, 5) 

(6, 8) (d) (4. 10) 
21. (Maximum value of Z * Minimum value of 
Z) is equal to 
(a) 13 (b) 1 
(с) -13 (9) -17 
Direction (9. 22 & 23) : The feasible region 
for an LPP is shown shaded in the figure. Let 


Е = Зх – 4y be the objective function. 
г 


22. Maximum value of Е is 

(a) 0 (b) 8 

(c) 12 (d) -18 

23. Minimum value of F is 

(a) 0 (b) - 16 

(c) 12 (d) None of these 
Direction (Q. 24 & 25) : Corner points of the 
feasible region for an LPP are (0, 2), (3, 0), 
(6, 0), (6, 8) and (0, 5). y 

Let F = 4x + 6y be the objective function. 


96 


24. The minimum value of F occurs at 

(5) (0,2) only 

fb) (3, 0) only 

(c) the mid-point of the line segment joining 
the points (0, 2) and (3. 0) only 

any point on the line segment joining the 
points (0, 2) and (3, 0) 

25. Maximum of F- Minimum of F = 

{a) 60 (b) 48 

(с) 42 (d) 18 

26. Comer points of the feasible region determined 
by the system of linear constraints are (0, 3). (1. 1) 
and (3, 0). Let Z= px « qy. where p. q > 0. Condition 
опр and g so that the minimum of Z occurs at 
(3. 0) and (1. 1) is 


(а) р= 24 
(с) р= 34 
27. In an LPP, the objective function is always 


(d) 


Non-linear 
Quadratic 


(a) 
(c) 


(b) Linear 

(d) Cubic 

28. The feasible region for an LPP is always a 
polygon. 

convex 

unbounded 

29. A feasible region of a system of linear 

inequalities is said to be . if it can be 

enclosed within a circle. 

(a) closed 

(с) unbounded 


30. In 2 LPP, if the objective function 
Z = ax + by has the same maximum value on 
two corner points of the feasible region, then 


(a) 
(с) 


(b) concave 
(d) none of these 


(b) bounded 
(d) none of these 


mtg CBSE Board Term-I Mathematics cust is 


„int on the line segment joinin 
nta give the вате мај 
(b) maximum 

(d) None of these 


every P 
two pol 
(a) minimum 

(c) either (a) or (b) 
31. Consider the linear programming probe : 
Max. #5 4X + ¥ m 
Subject to x + Y 2 50:x+y2 100 ix 320 

The max. value of Zis 
(а) 0 

(c) 100 

32. Consider (х.у) = px * qy subject юу 
х + 3y < 15. x. y 20. If zis maximum at Бо, ЗУ 
points (3, 4) and (0, 5), then find q. 
(a) р (b) 2p 

(с) 3p (4) 4p 


33. Maximise z = 2x + Зу 
subject to the constraints : x + у < 5, x5 0 


(b) 15 


(d) does not exist 


g thos у 


(b) 50 
(d) does not exist 


34. Maximum value of z = 3x + 5y 
subject to Зх + 2y € 18.x S4, y S6, x 20, y» 95 
(a) 30 (b) 34 

(c) 36 

35. The maximum 

value of z = 5x + Зу, if 

the shaded region 

represents the feasible 

region, is 

(a) 20 

(b) 25 

(с) 19 

(d) None of these 


2 Case Based MCQ O 


Case I: Read the following and answer any four 


questions from 36 to 40 given below. 

Deepa rides her car at 25 km/hr. She has to 
spend < 2 per km on diesel and if she rides it 
at а faster speed of 40 km/hr, the diesel cost 
increases to t 5 per km. She has $ 100 to spend 
on diesel. Let she travels x kms with speed 25 
km/hr and y kms with speed 40 km/hr, The 
feasible region for the LPP is shown below : 


| 


[ineat programming 
2 


36. What 


? 
and lz” 


40 2) 
(а) ( 3.3 


-50 40 
(c) (5^ 3 


31. The corner points of the feasible region 


ja the point of intersection ef line 1, 


shown jn above graph are 


(a) (0. 25), (20, 0), ( 
(b) (0, 0). (25, 0), (0, 20) 
). (0, 20) 


(d) (0, 0), (25, 0), (2.2). (0, 20) 


38. If Z = x + y be the objective function and 
max Z = 30. The maximum value occurs at point 


o(22) woo 


(c) (25, 0) (d) (0, 20) 


39. If Z= 6x – 9у be the objective function, then 
maximum value of Z is 
(a) -20 

(c) 180 

40. If Z= 6х + Зу be the objective function, then 
what is the minimum value of Z? 

(a) 120 (b) 130 

(с) 0 (d) 150 

Case II: Read the following and answer any four 
questions from 41 to 45 given below. 

Corner points of the feasible region for an LPP 
are (0, 3), (5, 0), (6, 8), (0, 8). Let Z 2 4x — 6y be 
the objective function. 


(b) 150 
(d) 20 


41. The minimum value of Z occurs at 
(a) (6,8) (b) (5, 0) 

(c) (0, 3) (d) (0, 8) 

42. Maximum value of Z occurs at 

(a) (5,0) (b) (0,8) 

(c) (0,3) (d) (6, 8) 


42, Marimar ИХ Minim iss of Zn 
(a) B? 
(e) 1 
44. 


deterrnined by 


(5 Фи 
(Ay 2% 
The corner prints A the farr the fun 
и Vy Mots И ener обема 


are 


> Мом м 
bee 


(0, 0), (—3, 0). (2. 2). (2, 3j 

(3. 0), (2, 2), (2. 3), (0, —3) 

(0, 0), (3, 0), (3. 2). (2, 2), (0, 2) 

None of these 

The feasible solution cf LPP belongs to 
first and second quadrant 

first and third quadrant 

only second quadrant 

only first quadrant 


(а) 
(b) 
(c) 
(d) 
45. 
(a) 
(b) 
(c) 
(d) 


Case III: Read the following and answer any 
four questions from 46 to 50 given below. 

Suppose a dealer in rural area wishes to purpose 
a number of sewing machines. He has only 75760 


to invest and has space for at most 20 items for 


storage. An electronic sewing machine costs him 
1 360 and a manually operated sewing machine 
1 240. He can sell an electronic sewing machine 
at a profit of * 22 and a manually operated 
sewing machine at a profit of 1 18. 


BS 


à > 3 
Є. Lets 872 X denotes ! 


SEWING pelis 


Vhe d 
n Gea hoy уу 
Noe, 


XS. [Dune ebtective билал of th 
u$ maximise >= 99» th 


= 22% + llv, then 


wrur ас 


13- Suppese the following shaded re 
represent the feasible renen 


mathemane Imulat 


£33 < Tine fenci? 
{а}: The резъйЧе region rs айм 


(c) : If optimal solution. 
cents А ami {corners of the беаы Че re 
tumal sotutzon rs oDtime at every 


Value of 
2 = 4x + 34 


S = 


j: When 


(hen which the tollowing 


represent tha. 
ETS ne of its corner points, ibe 
in най (b) (12, 8) 


(4) (6, 14) 


50. If an LPP admits optimal solution at tes 


isecutive vertices of a feasible region then 
the required optimal solution is at the 
е 


eur 
(a) 
line joining two Points, 
i solution occurs at every i 
te Joining these two M г. с 
the LPP under consideration is not solvable. 
the LPP under consideration must be _ 


reconstructed 


10. (a): 


Corner Point 


5 


5 


minimum 


захжаттитф 
gnen РАМА 


solve an LPP graphically, the 
value of the objective function is 
bs of the feasible region 


x ме 
ЧЕ When 
ae (ur eptimum) 
нА ined at corner poin 
s (4) | f 
' ү: Solution setot the given inequality is (х,у) :x 2 0] 
16. th вей ot all points whose abscissae are none 
e 


S All these points lie either on Y-axis or on the 


negative 
right of Y-axis. 


17. (4): 


No common region is found. 
18. (b): Construct the following table of values of the 


objective function 
Corner Point | Value of Z = 4 + Зу | 


(0, 0) 4х0) + 3Зх 20 

(0.40) 4х0+3х40= 120 

(20, 40) 4 x 20 + 3 х 40 = 200 | 

(60, 20) ¦ 4 x 60 +3 х 20 = 300 | — Maximum 
(60,0) 4х60+3х0= 240 | 


19. (b): Construct the following table of values of the 
objective function : 


Corner Point | 
Z= Эх - 4y 


3х0-4х0=0 | 


BEE oe | 


3х5-4х0= 15 =- Махітит 


3 = 
“IONS 
3*4-4x10- -2 


3x0-4x8=-32 + Minimum 


Minimum of Z = - 32 at (0, 8) 
20. (a): Maximum of Z =15 at (5, 0) 
21. (d): Max. Z + Min. Z = 15 + (- 32) = 15 - 32-2 - 17 
22. (a): Construct the following table of values of the 
objective function Е. 
Corner Point Value of F = Зх - 4y 
(0, 0) 3x0-4x0-0  .—Maximum 


(6. 12) 3x6-4x12--30 


(6, 16) 3 x 6 - 4 x 16 = - 46 — Minimum 
(0, 4) 3х0-4х4=-16 


Hence, maximum of F = 0 


99 


23. (d): Minimum of F = = 46 


24. (4): Construct the following table of values of 
objective function : 


| Corner Point 1 Value of F= 4х + 6y | 


| 4*0*6»2-12 
| Ax3*6*0^12 


| | 4*6*6x0-24 
| | 4*6*6x8-72 
| 
1 


4х0 +6 х5 = 30 
Since the minimum value (Е) = 12 occurs at two distinct 
corner points, it occurs at every point of the segment 
joining these two points, 
25. (а): Max. F - Min, F = 72 - 12 = 60 
26. (b): We must have value of Z at (3, 0) = value of 
Z at (1, 1) 
=» 3р+0ч=1р+ 1з] = 3peptq= pia 
27. (b) 28. (a) 
29. (b) 30. (b) 
31. (d):Let/,:x + y = 50; h: x + y= 100; h : x = 0), 
h:y70 


Since, no feasible region determined, hence, no 
maximum value of Z exists. 
32. (c) : * Value of Z at (3, 4) = Value of Z at (0, 5) 
= 3p+4q=5q 
г. qs3p. 
33. (b): On plotting the 
given constraints x + у = 5, 
x = y = 0, we get О(0, 0), 
A(5, 0) and B(0, 5) as 
corner points of the 
feasible region OAB. 
л 200) =2х0+3х0=0, 
А) =2х5 +3 х0 = 10, 
z(B) =2х0+3х 5 = 15 
<- Maximum value of z is 15 at point В (0, 5). 
34. (c) : On plotting the constraints, we get OCDEF as 
the feasible region with corner points O, C, D, E, F 


2(0) =0 

C) =3 x 4 = 12 

500) = 3 x 4 +5 «x 3 оу 

2(Е) = 3 x 2+5 x 6 36 

2(Р) = 5 x 6 = 30 

Maximum value of 2 is 36 at point E(2, 6). 
(b): We have, 

2(Q = 5 x 4 +3 x 0 = 20 
<(А) =5 x5 +3 x 0 = 25 
2(Е) =5 x 2+3 x3 = 19 
Maximum value of z is 25 at point A(5, 0). 
36. (b): Let B(x, у) be the point of intersection of the 
given lines 

2х + 5у = 100 


xy 
and 2m 45 =1 = 8x + 5y = 200 


Solving (i) and (ii), w 


f я 50 40 

^ The point of intersection B(x, y) = (2) 
37. (d): Thecorner points of the feasible region shown 
in the given graph are 


50 40 
O(0, 0), A(25, 0), В ( n 


38. (a): Here = x «y 


30 + Maximum 
20 


Thus, max Z < 30 occurs at point AA 
3 


Value of Z = 6x - 9y 
0 
150 «- Maximum 


(25, 0) 

50 2) 
| 3'5 

(0, 20) 


41. (d): Construct the following table of y 


; alues . 
objective function. Ss of 


Minimum value of Z is -48 which occurs at (08. 
42. (a): Maximum value of Z is 20, Which occurs at 607 
43. (b): Maximum of Z - Minimum of Z : 

= 20 - (-48) = 20 + 48 = 68 

44. (c): The corner points of the feasible regi 

O(0, 0), A(3, 0), B(3, 2), C(2, 3), D(0, 3). 

45. (d) 46. (c) Л 
47. (b): Since (8, 12) satisfy all the inequalities therefore 


(8, 12) is the point in its feasible region. ! E E 


48. (с): At (0, 0), 2=0 
At (16, 0), z = 352 
At (8, 12), z 392 
At (0, 20), z = 360 | 
It can be observed that тах г occur at (8, 12). Thus, z 
will attain its optimal value at (8, 12). e 
49. (c):We have, x+ y=20 
and 3x + 2y = 48 

On solving (i) and (ii), we get 

х= 8, у = 12. а 
Thus, the coordinates of Р are (8, 12) and hence (8, 1 
is опе of its corner points. Ec 
50. (b): The optimal solution occurs at every point on 
the line joining these two points, : 


OOO 
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